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kel WATER BOILER HISTORY

Estimates for the critical mass and dimensions of homogenous mixtures
of both 49 and 25 in various moderating media were required early in 1943.
This necessity arose from the production of appreciable amounts of active
material in solution at sgparation plants. Early estimates of these quanti-

ties were made by several pQOple.(l) (2)

[69)

J. R. Oppenheimer and R. Serber, Unpublished.

(2)
R. F. Christy and John A, Wheeler, CP-400.

In August 1943 it was decided to build the so called "water boiler" at
site Y. The "water boiler" is a homogenooua chain reacting pile uaing an
enriched uranyl solution in water. The purpose of this instrument was to
gain experience in the operation and control of a chain reacting source and
to prepare personnel and equipment for critical experiments as soon as kilo-
grams of active material were available. The lack of large amounts of material
neceasitated the use of a slow neutron reaction, and the use of the best posaible
tamper or reflector.

A value of 10 kilowatts was arbitrarily chosen as a worth while operating
level and preliuinary plane and calculations made for such a power operation
were completed September 1943.

It then appeared more advisable to first construct a boiler of much lower
power. This would eliminate:

(1) the shielding requirements

W1



(2) possible difficulties of keeping the uranium compounds in
solution

(3) decont#mination of the solution by separating out fission
frugments

(4) wuncertainty of gas evolution in appreciable quantities from
fission fragments and decomposition of the water.

Plans for a low power boiler or lopo were completed in Noveuber 1943. A
new building, Omega, in Los Alamos canyon was to house the water boiler. 1Its
remote location eliminated any possible hazard to the rest of the technical
area, Assembly of sphere and tamper were begun in March and the boiler went
critical as soon as sutficient material was available, namely in May 1944 with
565 grams of U235,

Due to the successful operation and experiengo gained from lopo it seemed
desirable to construct a high power unit to be used as a strong neutron source
for varlous experiments. A power of 1 kilowatt was chosen as a suitable value
to give a flux of about 5 x 1010 with a minimum of cooling requirements. The
original 10 kilowatt high power design was modified considerably. Essential
design features were completed in Ociober and concrete foundations and shield
begun. Critical conditions were reached in December 1944 with 808 grams of
0235.

The operation of the boiler was completeiy successful until a precipitate
formed and a drop in reactivity occurred on July 7, 1945 after 1100 kilowatt
hours of oporation. Some minor design changes were made albng with maintaining
the aolntioﬁ at a higher acid concentration, and the boiler was put in operation
again. It has now (July 1946) run an additional 2600 kilowatt hours without

further trouble.



4.2 LOW POWER BOILER (Lopo)(3)

(3) -
: C. P. Baker, F. L. Bentzen, J. Bridge, R. E. Carter, H. Daghlian, H. Hammel
J. Hinton, F. de Hoffman, M. G. Holloway, D. W. Kerst, L. D. P. King, H. M.
Lehr, J. H. Midney, R. E. Schreiber, J. W. Starner, LA-134."Water Boiler"
2-1 sign Considerations

The primary purpose of the low power boiler was to obtain a chain reaction
with a minimum of material as soon as enriched uranium became available.

The design features were therefore made accordingly: (1) A minimum of
absorbing material. (2) The best possible tamper. (3) Accurate control of re-
activity. (4) General simplicity consistent with safety.

(1) Corrosion testa(h)(S)’nado by the chemists to determine the most

(4)
G. Friedlander, P. H. Watkins, Water Boiler, LA 134 (Section on corrosien
studies.)
(5) |
L. Helmholtg, J. Nevenzel, P. H, Watkins, Water Boiler Chemistry, Los Alamos
Technical Series, Volume VIII, Chapter 7.

suitable material for holding the active material showed that 18-8
stainless steel was the best available. Type 347 was especially
good where welding was necessary. Welding in an inert atmosphere
to prevent oxidation and pickling before use were found to be ad-
vantageous., The extremely low corrosioﬁ rate found permitted using
a thin wal led container.

Uranyl sulphate in water was chosen for_the enriched solution ainc‘
the sulphate is more soluble and has less neutron absorption than

the nitrate.(b)(7) The final solution composition is shown in

(6)
L. Helmholtz, J. Nevenzel, P. H. Watkins, Water Boiler Chemistry, lLos Alamos
Technical Series, Volume VIII, Chapter 7.

)
L. Helmholtz, G. Friedlander, Properties of Uranyl-Sulphate Solutions LANS~-30




(2)

d
]
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Table 4.2-14.

Calculations(s) indicated that beryllium oxide would make the

i

(8)

L. Helmholtz, J. Nevenzel, P. H. Watkins, Water Boiler Chemistry, Los
Alamos Technical Series, Volume VI1II, Chapter 7.

(a)
(b)
(c)

(@

(e)

(3)

_(a)

best neutron retlector or tamper. The metallurgy division, under
the direction of Mr, Balke, developed a method of producing

3 x 3 x 6 inch bricks of density 2.7. These dimensions were
chosen for convenience in constructing a pseudo sphere tamper

3 feet in diameter. The method used invelves five steps:
Pressing BeQ powder for two hours in a steel die at 50,000 pounds
per square inch;

Sintering at 1250°C;

Shaping by scraping, sawing, chipping, or grinding;

Hot pressing in a graphite mold at 700°C and 2,000 pounds per
square inch for two hours;

Final shaping and finishing to tolerance by surface grinding;

The special shaped bricks were made at Los Alamos while most of

the rectangular bricks were made by the Fansteel Co., using the

- same method.

In order to maintain criticality accurately it is necessary (a)
to construct a control rod which could be adjusted to very close
limits and (b) the temperature of the boiler had to bé maintained
accurately constant,

The control rod consisted of a 34 inch long cylinder of cadmium

‘formed by wrapping a thin strip around a brass tube 3/4 inch in

diameter. Another brass tube is fitted snugly over the outside
of the cadmium to eliminate any motion of the cadmium. The rod

moved in a vertical direction with its end going from 12 inches



{(A) Low Power Boiler
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IABLE 4o2-1 A
Solution Composition

uozso,.~ 2&320 + H0 =15 liters

Element Grams Moles G 4 Barns per G cubic O per gran
atom centimeter 235

235 580 2.47 6o 955 1.6462

y228 3378 14.19 12,1% 103 177

S 534 16,66 45 , Lo74 .0082

0 14068 880.4 .0016 .85 1.832 total

H 1573 1561 31 282.3 —

Stainless 1100 20 - ~ 36

steel sphere
and resntrant
tube

Density 1.348 ed 39°C
U235 concentration 14.67%

#* From E. Fermi

(B) * Mock Soluticn for Boron Bubble Experiment

IABLE 4p2-1 B

388gus/liter U#0,S0,* 24H,0 + 10 gms/1 H4BO

Element Grams per Barns per O Scatter C, per cubic Cg per cubic
cubic centimeter atom centimeter centimster
35 000927 640 — 000151  ——-e
y228 . 2247 12,1 8.2 .006818 -00466
B +001749 721 3% —_— - .070192 —
S +0303 k5 1.5 .000271 .00085
H 1059 Il Ll 019001 2,59941
0 9Ll .0016 b2 .000006 14894,

#* Depleted
#* BEffective as compared with U35 for
boiler neutrons
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TABLE 4.2-1 C

(C) High Power Boiler UO,(NOg), 6H0 = Hy0 ~ 13.65 liters

Element Grams Moles G g Barns per O square G per gram
atom centimeters v235

y235 869.6 3.7 640 1428 1.642

v s 22,44 12.1 3.5 o.les

N 731 52,2 1.75 5501 0.063

0 13780 860 .0016 «8 0.00

H 1312 1302 .31 243 0.27

Stainless 3000 55 — ~ 100

steel sphere

and cooling coil
Density - 1.615

9235 concentration 14.5%



(b)

below the sphere center to a somewhat higher position above
the center. The motion of the rod was obtained by rotating

a long steel screw (pitch .C5 inches per thread) with a
variable speed electric motor thru a clutch, A nut soldered
to the inside brass tube has a key which prevents‘rotation of
the rod itself. . ball bearing at the end reduces end play
to 0.2 mil., The position of the rod is indicated by & Selsyn
which is coupled by a 2:1 gear. This gives 0,100 inch per
revolution of the Selsyn. The 3elsyn on the control rack had
a dial with 1CO divisions each of which represented 1 mil
vertical motion of the rod. Tests indicated that -settings of
the rod repeated to less than ,5 mils. (See Figure 39).

The reproduction factor K is very sensitive to the temperature
® of the solution. Calculations indiceted that a change in
reactivity of 10"%/C° was to he expected, At low power of a
few milliwatts which would give adequate counting rates the
temperature generation is negligible. However, fairly rapid
fluctuationé could be produced by external causes, A thermo-
stated house was therefore built completely enclosing the |

boiler. The electronic control circuit(9) mairtained the

(9)

Developed

by M. Sends, Unpublished.

(&)

tenperature in the house to .01°C or K within 1072,

From the estimates of the amount of material that would be re-—
quired it seemed probable that a 1 foot diameter sphere would
contain éufficient material and moderator without going to very
high conoenﬁrations. (See Figures 1A and 1B). These curves are

based on some unpubli shed calculations of Chriasty made in l9hh.(lc)

(10)

R. F. Christy, Unpublished
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The constants used were O ;235 = 600 barns; V' = 2.,15; T (age)
= 30 square centimesters,

It was therefore decided to use a 1/32 inch wall stainless steel
sphere. The volume of the sphere was 14.96 liters. Due to lack of
experience with chain reactions it seemed advisable not to leave
the .solution in a criticel geometry at all times. For this reason
the solution could be kept in a flat conical pan of poor geometry
completely outside of the tamper when experiments were not in pro-
gress. This necessitated a pipe coming out of the lower homisphor&
for raising and lowering the solution, a tube coming out of the
upper hemisphere to insure complete filling of the sphere and a
clcsed compressed air system' to raise the solution from the lower .
pan. To prevent water vapor from leaving the solution and there-
by changing the conocentration, thick walled rubber balloons con-
tained in a pre#sure tank supplied the inlet air, light rubber
balloons took up the air displaced by the sclution as it filled
the sphere., Electrical contects served to indicate the height of
the solution in the upper tube. A monometer was used to observe
the rate of rise of the soluticn into the  sphere and detect any
air leaks in the closed system. (See Figures 2 and 3).

(6) Numerous safety features were included in theldesign"cc prevent

accidental loss of solution or unexpectedly reaohing(super-
oritical oonditions (ses Figure 4).
The safety rod was automatiocally dropped if the neutron level
rose too high or the power failed, The active material was
dumped into the lower pan if:

(a) The solution rose too high in the upper pipe

(b) A leak developed anywhere in the sphere (by shorting nylonocovered

wires wrapped arcund the sphere),
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(c) If after a short time the neutron level conti‘rmed' to rise
 above a predetermined level ( the delay permits the safety
| rod to operate first).
4 safety catcher pan was placed underneath the tamper and sphere
to prevent the loss of material due to leak or. overflow, All
safety devices operated in case of power failure. As a final
precaution the conical pan was provided with a remote manually
controlled dump valve which drained the solution through an
underground pipe into a .stainless steel bucket with cadmium
inserts to discourage any further chain reaction. This pro-
vided a possibie way of removing the solution from the build-
iﬁg which seemed advisable in the case the solution became too
radioactive. |

4.2-2 Approach to Critical

Since this was the first chain reaction with an enriched material, con-
siderable precautions' were taken bef oré apprcaching critical.

-The general procedure was as followa. F;ive independent detectors placed
in different positions were used to determine the multiplication of a 200 me
Ra Be source placed at the ¢center of the sphere by means of a thimble type -
reenirant tube thru the uppér pipe. 4 iero reading, i. e. for no multipli-

cation, was obtéin'ed by f.{lling the sphere with distilled water. The empty
sphere and source weré use;i to standard'izeb_all .detectors before and afteri, each
change of cone entration. |

The chemists then proceeded to add vranyl sulphate by removing one’ ‘or two
'liters of the solution 1n the conical pan and dissolving an additional amunt
of mtsria_ An electric stirrer was run for 15 minutes to mke sure of
-adeguate mixing before the solntion ‘W4as run np into the spherc. Further nﬁ.ﬁ.@

Jla.s obtained by raising and lmveriag the solution betvwesn: pa.n and ‘sphere nntil
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no further change in counting was detectable. This usually required three to
five fiilings of the sphere. The fifst 11 additions .contained about 40 grams
each of U235, the next 4 about 20 grams each of‘U235 and the last 3 about 5
grams U258 egch, |

The detectors used to determine the multiplication were {l)nIndium foils
with and without cadmiuvam in the tamper ﬁhree inches from the sphere surface;
(2) Manganese foils in the reentrant tube placed at the center and near the
edge of the sphere; (3) An external BF3 chamber bare and in a paraffin block
9 inches x 113 inches covered with‘cadmium; (4) A smali U235 chamber about
5/16 inches 5; D. placed in a reentrant tube about 3 inches from the center;
(5) A large U238 chamber piaced‘against the sphere in the north part of the
tamper (this chamber had 248 square centimeters area covered with 2 graﬁs of
3238).

Table 4.2-2 shows the results obtained with these detectors. The shape
which the curves of Figure 5 have when plotting reciprocal count against mass
can be qualitatively understood fairly easily. Thermal detectors placed inside
the reacting region should give an approximate straight line and hence the best
extrapolated estimate of the critical mass, intercepting the abscissa at the
critiéal mss, (detectors placed at the center were too near the 200 mc Ra Eg
source and hence gave a concave downward curve). The best position for such
a detector is probably at the node of the third barmonic of the thermal néutron
distfibution which has a high peak at the source. One of the manganese detectors
was placed apprcximately in this position atter the strong socurce etfect was
observed at the central position. Detectors placed outside the reactor should
ideally give curves concave upward since they count both fast and slow leakage,
It is apparent from the trend of all the curves that rather accurate predicticns

of the critical mass could be made before actually going critical. When the



TABLE 4.2~2

Foils

572.8 gm) Critical mass with rod out ' :
" , reentrant tube and 28 chamber removed

(565.5 am)

" "

" "

. % Mn folls which were put approximately at node of third harmonic
w4 Mn folls in center of sphere

. Mass (gms) Foils Foils Foils BF_Baro | BF_4Cd+CH,| BF +CD| "25n | m2gn
250 In In + Cd In L Mt 3 3 2 -
-8phere 1/c 1/c 1/c 1/c 1/c 1/c 1/c 1/c 1/c
0 (diot.HZO) ) 1 1 1 1 1 1 1l 1l 1 0
46.8 .783 .783 - 973 +835 857 - «909 | .889 1l
1‘0001 01095 052‘5 - '900 0560 * 0650 0626 0752 0589 2
183.4 - - - - 465 - - .693 - 3.
225.7 303 «359 - «820 379 R ol o625 | 4395 4
26605 - - i -~ 0316 - = 0580 had 5
%3-3 0195 o241 &= -77!0 0257 0307 «295 0’083 284 5
3"300 el - - - om . - - ol‘-ll - 7
380.2 .118 151 .318 +534 164 .198 196 359 | .18 | 8
435.3 - - «230 - +109 - - <267 - 9
474.9 052 072 175 «290 070 092 .088 J191 | .081 {10
501035 - - hnd - 0055 . - - Qllos 0065 11
518.47 +029 .038 101 195 042 052 .050 117 | 046 112
51‘0010 - had 0063 01% 0026 - had 0073 .027 13
555.17 - - - - - .016 - - - |34
564,10 - - .— - - .008 - - - 15
- 570.879 ' .0025 - - | .0022 |16
574,829 Critical with Control Rod at 10,5 Above its Bottom Position . 17

8T -~ AT
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last addition had been made, the control rod was pulled out slowly until a good
c;)unting rate was obtained, the driving source removéd and the boiler ran itself,
theA neutrorn level responding to the control rod.

The U235 in the sphere at this time was 574.8 grams. Correcting for the rod
position, a missiné tamper block due to the presence of one of the recording
chambers, and a small reentrant tube gave 565.5 grams of 7235 as the critical

mass. This checked original calculations(11) extremely well, probably somewhat

(i)
R. F. Christy, UnpuhliShedv

fortuitouslye.
The highest power at which Lopo was run was about 5C millwatts.

4,2-3 Experiments with Lépo

(1) Control rod cal ibration(12)

(1<)
Cc.P. Beker, F.L. Bentzen, J. Bridge, R.E. Carter, H, Daghlian, H. Hammel,
J. Hinton, Fe. ée Eoffmen, ¥.G. Holloway, D.W. Eerst, L.D.P. King, H.M. Iehr,
J.H., Midway, R.E. Schreiber, J.¥. Starner, "Water Boiler", LA-134. "

Wher the critical conditions were initially reached, the ccntroi
rod was part way in. Active material was then removed from the
sphere by dilution.until the control rod was just out with the
boiler still critical. Eight small additions of approximately
2 grams each of material were then made and in each case the
rod position for eriticality determined. Figure 6 shows the
curve of the equivalent mass of 1°%% a5 a function of control
rod position. The control rod is all the way in at zero inéhe;.
In all measurements the solution is raised to the same position
in the upper pipe, about S0 centimeters above aphbre level, This
was approximately to the top of the tampor.‘ Criticality was
found to be insemsitive to the solution level in this upper tube
except for the firsf few centimeters. If the level é.'bove the

19 sphere is meagured in cénﬁmters , and the total effect exgre_ssed.
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in grams of y3> equivalent, the measursd values are 1 gram
at 2.5 centimeters, 2 grams at 7 centimeters, 3 grams at 19
centimeters, 4.5 grams at 90 cemtimeters.

(2) Temperature effect.(lB)

(13)
C. P. Baker, F. L. Bentzen, J. Bridge, R. E. Carter, H. Daghlian, H. Hammel,
J. Hinton, F. de Hoffman, M. G. Holloway, D. W. Kerst, L. D. P. King, H.M,
lehr, J. H. Midway, R. E. Schreiber, J. W. Starner, Water Boiler LA-134.

Due to the large expansion coefficient of the iater solution the
neutron leakage is strongly dependent on temperatures since both
neutron age and thermal diffusion length vary with temperature.
This produced quite a change in the qritical position of the -
control rod. The effect is measured by accurately determining
the critical rod positions for ,variou.s temperatures of the
solution. The airerage value found was .75 grams per degree C

at 39 degree C. This is partly due to the loss of solution
from the sphere due to the thermal expansion. Correcting for
expamls:on gives «55 grams per degree c.

(3) Absolute calibration of the water boiler in terms of x(lh) (15)

(14) '
F. L. Bentzen, J. Bridge, F. de Hoffman, D. W. Kerst, L. D. P. King, G.
Friedlander: Criticality of the Water Boiler and Dispers:.on of the Neutron
Emission per Fission, Li-183.
(15) -
F. de Hoffman, L. D. P. King, G. A. Young: Critica.lity of the Water Boiler
and Dispersion of the Neutron Emission per Fission, LA-183 A.

In order to determine the relation between grams and the actusl
repréduction factor K of the boiler a Qo called "boron bubble”
expetiment was performed. The equivalence of K and grams of U235
was ébtained by observing the critical comtrol rod setting under
normal conditions and then the setting aftex} the introduction of " |

a small volume or bubble (15,37:cubic ,centjmat.em\ containing a
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mock solution. The mock solution consistgd,df‘an;appn@briate
mixture U238 and H,BO, in water. The absorption and-scsttering
cross-section of the mock solution maﬂched that of the boiler
solution closely, see Tables 4.2-1A and 4.2-1B, (except of course,
that no fissions occurred in the mock solution). No change in
criticality could be detected by the insertion or radial motion
of the small volume when filled with the boiler sclution. The
bubble consisted of a thin walled lucite sphere supported on a
lucite rod. The experimental results when the bubble with the
mock solution is moved radially, is shown in Figure 7. The
conversion from control rod setting to grams is read from Figure

6. If AM is the effective grams of 0235 for any radial position

- then

is the equivalent of distributing the mock solution in the bubble
uniformly throughout the sphere. The final value for A M was
1.843 grams of U2353A 7.5 per cent correction for slight differ-
ences in absorption between the mock solution and the actual

solution was applied to get this result. For the mock solution

o.3/<:c = 2.749 em? and Sa/cc = 0965 cm? .
for the normal solution
Os/cc = 2.734 em® and Ja/cc = .0897 cu?

Thermal cross sections were used throughout, except for boron.
For this case and effective cross section of boron compared to
that of U237 was determined assuming the higher energy spectrum

to be that of pure hydrogen. This assumption is reasonable due
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to the large hydrogen content in the boiler solution. The
effective boron cross section was found to be 2.5 per cent
higher than the thermal value. |

"~ If A M were distributed uniformly throughout tlhe sphere ANAK
would be very nearly proportional to AM. Since the actual
localized volume A M used was quite small, it is reasonable to

assume that this proportionality is true.

ThenKémock} =¥- A48V =1 _ AV
K (original ( = 1)) v v

and AK=1-K= AV = ¥Vbubble = 15,17 = 1.01 x 103
v V sphere 5x 10

Since "AM = 1.843 grams of U235 and AK = 1.01 x 10~3 for
this —A_l-[ one obtains as the equivalence between reactivity and
grams of >0235

5.48 x 104 AK/gm or 548.4cRe/gm - ( a microres = K x 106)
This value checks, no dwl;t fortuitously, within a percent the |

theoretical value(1®) made prior to the above result. (in error

(16)
F. de Hoffman, L. D. P. King, G. A. Young: Criticality of the Water Boiler
and Dispersion of the Neutron Emission per Fission, LA-183 A.

in the original determination{17) has been corrected in(18) after

an | ' |
F. L. Bentzen, J. Bridge, F. de Hoffman, D. W. Kerst, L. D.P. King, G.
Friedlander: Criticality of the Water Boiler and Dispersion of the Neutron

BEmission per Fission, Li-183.

(18) :
F. de Hoffman, L. D. P. King, G. A. Young: Criticality of the Water Boiler
and Dispersion of the Neutron Emission per Fission, LaA-183 A.

the calculation(19) was made.)

(19) »
E. Fermi, J. Hinton: Dependence of Reactivity of Water Boiler in the Mass

of U235 in the Sphere ’ LA—&']O.
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The calculations were made by determining the negative source
(using the diffusion equations for sphere and tamper) necessary
to keep the boiler running at a constant value when x grams of
U235 are added. The fission distribution w‘aé assumed the same
as the experimentally measured thermal neutron distribution. The -
effectiveness of a fission source at different points in the
sphere was approximated by using a Ra Be source curve.

The equivalence of grams of U235 and reactivity can.be estimated
quite well from the cross sections of the sclution components
and any absorbing materials such as the stainless steel srhere
or control rod. From Table 4.2-1 A

U of 14.67% Uranyl sulphate solution = 2:d X 954.9 = 1.8873
954.9 x 102.9 + 4.74

Koo = o-i(u235)x 7(0235) e (U°37) = 1.832 x 572 x 1.8873
o (U235, H,0 + Steel) 1.832 x 572 + (282 + 3646)

= 1.4416 where 572
is critical
mass (U235

L= leskage = ;i in sphore)

x = MU35)x o/pmtP30x L = Mx2.
4(U233)x 6/gm(u23%) +(6}120 + O steel + O reentrant tube) 1.832 x ¥ + 324

and

DK = 406 «R/gn U235

For the boron bubble experiment the reentrant tube was out (6.2
grams y235 equivalent) and the control rod set at 7.15 incres

(9 grams U235 equivalent). The estimated absorptioh for the rod
is 195 square centimeters, (the effective surface area of the'
cadmium cylinder is used to get this value), that for the re-

entrant tube 6 square centimeters, or total square centimeters
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equal 318 4 195-€ = 507

Torm K = % where 580 grams is critical
. * mass (U935 in sphere)

and AK = 556_«R/gm 1235
This value checks the boron bubble experiment end independent

caleulation(20) mentioned above. See also general discussion

(20) '
E. Fermi, J, Hinton: Dependence of Reactivity of the Water Boiler on the
Mass of U235 in the Sphere, LA=470,

for the measurement of K in Chapter 2 of this volume.

(4) Supercritical Eehavior of the Water Boiler. (21}

(21) .
C.P. Baker, F.L., Bentzen, J. Bridge, R.E. Carter, H. Daghlian, B. Hammel,
J. Hintor, Fe de Hoffman, M.G. Holloway, D. W. Kerst, L.D. P. King, H. ¥.
lehr, J.H. ¥idway, R.E. Schreiber, J.¥. Starner:"Water Boiler", LA-134,

In order to determine the supercritical behavior of lopo, periods
of the boiler where measured for various supercritical' control
rod positions. In each measurement they intens ity was allowed to
rise for at least one pericd and then the increase in counting
rebe followed for one or more order of magnitude. This procedure
gave straight line semi-log plots except for the longest periods.
Here the long lived delayed neutrons had not yet reached an
equilibrium condition and the final slope of the plots was used
for the period determination. Figure 8 shows the degree of
criticality in terms of grams of U235 as determined from the
control rod calibration.

It was thought useful to detsrminé a relation between reactivity
and period for the water boiler which might be useful for &

higher power boiler. This was done by detsrmining the constants
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in equation (9) below with the data available from the measured
supercritical periods, the results of the boron bubble experiment
(18.25 = 1 per cent in K) and the known delay periods.

(This is equation 9 of Chapter 2 of this volume. A complete

derivation of this reactivity equation is given there.)

= Xo ¥ 9375 -
in the limit

T — >AK = b’fz %5 ginee T, ~ 107% second
T : :

or
TAK= ¥f 2 g4 Ty = const

Taking the boron bubble result that 548_«Re = 1 gram U235 and

the supercritical period measurements of Figure B we have

T(period) Grams U23J equiv. ___ AK in 4 Re T4
29.2 seconds 3.97 : 2176 064
46,3 n 2.72 1491 069

101 " 1.52 - 833 084

232 u .78 427 699

774 " o2 131 .101
1352 " .13 71 .396

The last column appears to approach O.1. The low value for
the longest periad can easily be accounted for by the uncer-
tainty in the determination of A K for such a smzll change.
If one neglects any difference in energy with period for the

delayed neutrons TqiTi can be obtained from the known
delay periods.,
- -7 e 4 ~T/31. -T1/80,
delays = .116€ =761 4 3308 =V2:2 | 006 =6:5 , age ~V3LT, o3¢ ~E0.3

Y¢= LKI= - _o0.1 = 0079
2% Ty 12.68
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This value for ¥ f, the effective number of délayed neutrons
fronm the water boiler is comparable to the valué obtained by
other means. (See Section 4.2-3(5) below). All delay ampli-

- tudes must be mmltiplied by .0079 and equation (9) becomes

s d 2

AK1n4R=10° AK =120 4 O | FIX . g0 |, 2,100 , 26,80

(s)

T+, {42.2 T+ 6.5
(9a)
This equation slightly modified, since Snell's orginal delay
periods were used imtead of the more recent values shown
above, was fcuﬁd to be useful and correct when used with the
high power water boiler. described later. (See Figure 9)
Comparing grams of U235 from Figure 8 with. Re read fram a
plot of equation (9a) for the same supercritical periods gives
500 4 R per gram of u35, Caléulating from boiler cross
sections for the condition when the supercritical periods
were measured, namely Mc = 577 grams 0235 and the control rod
at 13.2, centimeters
K=Mdx2 . where control rod section 104 nz
ﬁ;ﬁ% 318) sphere and reentrant tube 318 ca?
| 422 e
DK = 5084R per gram [P35
Calculations based on the cross sections of the boiler materials
(See also Section 4.2-3(3) above) consistently check those ob-
tained by other means. This gives some confidence tc this seem~
ingly rather crude method which has been used -in determining the
AK gram 235 equivalence in the high power water boilér.
The effective number ( ¥£) of delayed neutrons and the averége

o (22)(23)(24)
prompt neutron period ‘;‘p.
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(22)(23)

F.L. Bentzen, J. Bridge, F. de Hoffman, D.W. Kerst, L. D. P, King,
G. Friedlander: Criticality of the Water Boiler and Dispersion of
the Neutron Emission per F1581on, LA-183, La-183a.

(24)

F. de Hoffman, S. D. Warshaw, G, W. Wélner: Relative Effectiveness of -
Delayed Neutrons in the Water Boiler, LA-471.

neutron intensity —

Several experiments were performed to determine the effective
fraction of deiayed neutrons, ¥ £; ¥ is essentially the
effecﬁiveness of the delayed neutrons compared with that of
the prompt ones and f is the fraction of fission neutrons
which are delayed. (See Chapter 2 of this Volume.)

The general scheme for determining ¥ f experimentally was to

run the boiler at some level and then to suddenly introduce

'-'“-‘—T‘ absorbers so as to shut the neutron intensity
N

off as rapidly as possible. The neutron
intensity curve should then look like the

accompanying sketch. Here, a, is the initial

'T‘§;\\\\\\\ intensity and, b, depends on the number of
v E delays. Thus a knowledge of b/a should give

a measure of ¥ f.

Several attempts were made to determine a and b. The use of

a BF3 chamber and fast counting technigues gave inconclusive
results for b due to the difficulty of extrapolating back to
essentially zero time. This difficulty of extrapolation is due
to thg uncertainty in the short delay components which have been
measured to be as sﬁort as .4 seconds. Another technique was
therefore adopted which essentially eliminates the delay com-

ponent. A piece of absorber is jefked in and out of the tamper
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at such a repetition rate that the delays will not have time

to decay and there will be merely a steady background of delays
with a rapidly changing prompt neutron intensity superimposed.
The fast neutron drop, a-b in the above sketch, will occur in
about 10““ seconds for the water boiler. If the repetition rate
of the jerked absorber is toc high, the neutron level will be
unable to follow the absorber and the boiler will lag behind.

If the repetition rate of the absorber is too low, the dela&bd
neutrons will not form an average background.

~ Sketch 2 shows the neutron intensity as a function

K "7 Cd out of time for an absorber jerked repeatediy at a rate
so the delayed neutrons show only a slight decay.
e From Equation 11 in Chapter 2 it can be shown that
S C(.i i for a repetition rate of the required properties, i.
time — © e.mo log of the boiler and the delayéd neutrons

Sketch 2

forming an average background, the simple result

C./Cs -1 .
f£=1- %i
(C/C; - 1) K, + K, - Ky

is obtained where C, and Cy are counts on the 3?3 monitor placed
in the tamper for the absorber in the ¥in™ and "out" positions
resyectively and Ki and Ko' are the corresponding reactivity of
the boiler as measured from the static ed positions (Figure I0).
and the absolute boiler canbfation determined in section 4.2-3(3).
The expérimenta.l arrangement is shown in Figure }i, Crank ve-
locities of 20, 155, and 884 revolutions per minute were used.

C; and € were measured by scalers 1 and 2, the prope-r counting
times being determined by the photo cell positions which con-
trolled the gate circuits. The positions 'of the gates were varied
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from -90° to +90°. The ymst of $#re cycle could be obtained

by using the reciprocal of the ratio (x) of the counts on
scalers 1 and 2 versus phase position. The results fof the

three crank velocities used are shown in Figures 12, 13, L.

The slowest experimental velocity satisfies approximately the
conditions for the equatioh above and gives a value of

¥ £ =.00822.

A more complete analysis of the fission process for the case of

varying multiplication is calculatod(25)(see also egquation 1

of Chapter 2.)

(25) '

F. L. Bentzen, J. Bridge, F. de Hoffman, D. W. Kerst, L. D. P. King,
G. Friedlander: Criticality of the Water Boiler and Dispersion of the
Neutron BEmission per Fission, LA-183.

Using such an equation two methods for analyzing the experi-
mental data were used (1) Harmonic analysis of the experimental
curve using the known relative fractions and periods of the
delayed neutrons as determined by.Snell and Nagle and (2) a
reproduction method where the experimental curves are fitted

by assuming values of ¥ £ and T until the best fit is ob-
tained. This latter method can be divided into two cases;

case 1 where the repetition rate is high (i.e. the 884 revolu-
tions per minute case) for which wYd 7>l and case Il where the
repetitioﬁ ;ate is such that the delay periods can not be
considered a constant and wld~1 (i.e. for 20 ahd 155 revolutions
per minute experimental runs).

The harmonic analysis method was used to give approximate values
of ¥fand T, and then the more complete reproduction method .

used to give more accurate values. The 20 and 155 revolutions per

minute cases which are insensitive to T, gave an average value'
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of .00855 for ¥ f. The 88 revolutions per minute data

~was found to be quite insensitive to values of ¥ f. but

‘due to the large phase lag, T, could be determined with

some accuracy, Figure 15 shows the resn}.t of using different
values of T . The best value is T é = 135 microseconds and
changeé of + or - 20 microseconds clearly fall outside the
experimental data.

Statistical fluctuations in a water boiler(26)(27)

(26) .

R. P.. Feynman, F. de Hoffman, R. Serber: Statistical Fluctuations in the

Water Boi:er and the Dispersion of Neutrons BEmitted per Fission, LA-101.

(27)

F. de Hoffman, R. Serber: Formla for Water Boiler Fluctuations, La-336.

Short time fluctuations in the neutron intensity of the water
boiler were theoretically predicted and experimentally verified

" ona reéord:’u:zg meter as soon as the boiler was put in operatioh

From_t;he Equation 33, Chapter 2.5-7, it is seen that for & number
of counts C in a given time interval the expected fluctuations
will be given by

2,2 | - T _
E-2 .5, Xo&/) + ZAEL) |, a-e =147
c (1-K)2 <] T

where U is mean value of number of neutrons n emitted per fission
X2 is msan value of n(n-l) where n is the xmﬁiaer of neutrans
emitted per fission
X = decay constant for neutrons.

counter ~efficiencyv

B

deviation from randaoa orror

Y
The above equation is true if the gate width T or time during

which counts are taken is small campared to »the average delay
period, and all the ,-n_eutroa& &éthe boiler are cons:.dered
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equally effective. The gate widths used in the experiment

were short compared to the-average ‘delay period. The effective-
ness of the neutroms depends on the size and symmetry of the
boiler and has been shown by Feynman to amount to only a few

- per cent. A rough'estimate from distributions and source
effectifeness in the boiler gave 1l per cent correction for

this geometric effect.

The left side of the equation would be equal to one for a
Poisson distribution of C. The increase in fluctuations
observed in the boiler is due to the normal accidental pairs

of counts from independent primary source neutrons augmented

by 'coupled' pairs of counts which can be traced back to a
chain of neutrons originating from a single fission.

It is seen that a large value for the counting efficiency E

is advantageous in making the fluctuation term Y large compared
to the Poisson term 1. The efficiency of the BF3 chamber used
was 3.69 x 107% counts per fission.

Two experimental methods were used to determine the fluctuations,
(1) fast film recording of a high speed scaling circuit; (2)
electrical gate circuit designed to let pulses through at any
desired time for a predetermined time (283 miliiseconds in this
experiment ).

The first method used a large »BFB chamber coupled to a fast
amplifier and scaler. The cutput of the first scaler unit was
connected-to the vertical plates of an oscilloscope, a 250 cycle
sweep (with several microsecond return) was connected to the
other scope plates. The screen was photographed by film moving

continuously at 100 feet per minute.
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This method permitted a single strip of film ¢c. be analyzed for
various gate widths. This was only possible for comparatively
short gate widths unless an excessive amount of film had been
used. For this reason the electrical method was used to deter-
mine the long gate widths.' 2200 individual gates were taken -over
a period of 12 hours. These were broken down into 76 amall sets
of fram 10 to 50 gates each to avoid any large fluctuations in

c during any one set.

The best value for Y is 4.17 ¥ .16 showing that the fluctuations

in counts are considerably larger than for a Poisson distribution.

(7) Neutron distribution measuremems(?’a) (29 )(30)

€3) ' — ~
J. Hinton, L. D. P, King, R. E. Schreiber, J. W. Starner: Distribution and
Power Measurements in the Water Beiler, LA-152.

(29) '
R. E. Carter, J. C. Hinton, L. D. P. King, R. E. Schreiber, J. W. Starner:
Water Tamper Measurements, La-241.

(30)

E. Greuling: Graphical Method of Obtaining Critical Masses of Water Tamped .
Water, Boilers, LA-493 ‘

The neutron flux for the boiler at critical was measured as a
function of radial .position in the sphere as well as in the
tamper. Thermal ﬂ.uxeg were deterained by using calihrated
manganese foils and a small fission chamber with a known amount
of U235, Fast neutron fluxes were measured with 'a fission chamber
containing a known amount ét ﬁ238 .

Plugs of 1 inch diameter or special 3 inch x 3 inch x 6 inch
tamper blocks could be removed so that detectors could be placed
at any desired radial position.

For measurements made inside the sphere it was necessary to use
thimbles or reentrant tubes placed in thg level indicating tube

Of the Spheve. See Figure.2. This is necessary due to the
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corrosive action of the solution and the need of avoiding
evéporation or contamination of the sclution. Four different
reentrant tubes were used to acconmolate the different size
chambers. |

All thimbles were made of 1/32 inch wall stainless steel tubing
except for a special .005 inch wall stainless steel sheath. This
sheath was designed for use with the Mn foils to give a minimum
distortion to the true distribution. Distortions in diﬁtribution
caused by the thimbies were absorption in the walls, leé.kagg path
out thru the tamper, and displacement of active solution. An
additional distortion is produced by the level indicating tube
comtaining solution and extending thru the tamper.

The results of the Mn foil (7/8 inch x 1} inch x .006 inch)

mea surements are shown :m Figure‘ 16. Curve (I) teken in a

1/32 inch wall keyhole shaped tube with a 7/16 inch I. D.
circular hole and 1/16 inch slot (made to accommodatea scurce,
fissioh chacber or foils)., This dqes not give the true distri-
bution for the reasons given above. Bombarding times varied from
three to five minutes in the sphere and from five to ten minutes
in the tamper with the boiler running at about 3 milliwatts,
Since 15 to 2C seconds was required to insert the foils to the
botton positions of the long 5 mil sheath, the boiler intensity
was reduced by a factor of six with the sa.teiy rod while the
foils were put in or taken out,

The solid line of Curve II iqside the sphere is the theoretical
curve and the dots the expérimental points obtained in the .005
inch sheath. Distortions produced are extremely Snall due to

the thin wells and small sectional area of the sheath. Any
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effect of the level indicator tube or the dumping pipe was
eliminated by curving the sheath and running it at right angle
against the bottom of the sphere at a point several inches from
the emptying pipe. Mbasurementé were then made in the lower

half of the sphere. The tamper readings were made in a 1/16 inch
crack between bricks both with and without a .005 mil sheath.

The effect of this sheath could not be detected. The ordinates

of Figure (16) representing the saturated foil activities A; have
been raised by 4.4 per cent and those in the tamper by l.4 per
cent for calculated foil and -sheath depressiéns. The foils

were calibrated in a standard geometry after the distribution
neasureuents were made, the absclute neutron density being given
by Ag/k820 if Ag is measured in units of 6i.

For critical conditions the equation for the neutron distribution
of an untamped sphere as a function of radius r is of the form
Sin Kr/r where K = T /R and R is the radius of the untamped
sphere. The distribution in a tamped sphere should be the same

as that in.a socewhat larger untamped sphere almost to the tamper
boundary due to the short diffusion length in the soluticn. Since
the sphere part of Curve II is indistinguishable from the theoreti-
cal curve, the dotted portionvgiving the critical radius (R=29.8
centimeters) of an untamped sphere should be quite good.

The shape of Curve II (Figure 16) in the tamper agrees with that

calculated(Bl) for a somewhat smaller sphere. A discontinuity

(31)
R. F. Christy, Unpublished.

at the sphere tamper interface is to be expected due to the change

of medium and the absofption by the stainless steel walls of the
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sphers. The slight hump in the tamper was predictsd because of

the creation of thermal neutrons in the tamper by the slowing

down process. The experimentel curve in the outer portion is

linear and shows an. appreciable intensity to the outer edge,

while the theocretical curve is exponertial and drops essentially

to zero et the edge. This difference along with the large value

of R obtained sbove seems to indicate that the BeC tamper was

even more effective than ocaloulation predicted.

Results cobtained with a small U235 chamber were in good agreement

with the foil data after correcticns were apbli_ed for the yarious

sources of error described aboeve, The chamber dimsnsions were

§/16 inch aluminrun eylinder 1 9/16 inch long. (Constructural

details of this chamber end the spiral type U235 chamber used

for the fest neutron measuremsnts are described in Volums I,

C'na.pfar 2 of this series).

Figure 17 shows the results of measurements of the fast neutroms

with the U236 chamber. As indicated on the graph, tampef measure-

ments were made in a 11 inch reentrant tube and in the 1 inch

hole; these were arbitrariiy normaliéed at one point., The differ=

ence in the two curves is probably due to the 'diﬁtortion produced

by the large reertrant tube and ths difference in tamper thicke

ness in the two directions.

Distribution msasurements were also made during the water tamper

tests. (See nest section). Data were taken with the Mn foils,

the U235 chamber and the U238 chamber described above. The sphere
o >

eontained 717 grams afkgég§>ind a 200 mc Ra Be source in the

ocenter during the ma,sur:n;ents. The results of the foil dats

are shown in Figure 18,
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The five mil sheath was used for the data in the tamper while
the sphere measurements were made with a 1/32 inch wall re-
entrant tube. The latter results were correotsd by the faetor
determined in the Be( tamper distribution measuremsnts, A
cons iderable depression in the thermal neutron flux is seen
to exist at the sphere tamper boundary.
The results of the U235 chamber showed & similar depression at
the sphere tamper interfsce. Except for tris boundary dis-
toertion the results gave a straight line on the semi logb plot
given by € -X cm/507.
The BF; chamber and the U238 chamber gave similar results which
can be expressed az € “X cm/4.6 and € =X om/5.37 respectively.
Estimatss of the power of lope were made using e small v235
fission chamber and independently with calibrated manganese
foils,

. _Xoav ; 235
Power in watts = 373 1oI0 where N and C refer to UYY, The
counting rate of the chamber depends on the efficiency, flux
through the chamber and total cross section for the 17235 in the
chamber.. The efficiency was caloulated from the Xmown thick-
ness of the foil and ehamber gaocmetry; the mass of U25Y in the
chazmber is also known, The averages valus n U of the nsutron
flux obtained from the distribution curves gives nV = .78V .
The power results of the foils for which U is taken to be
2.2 x 105, and those of the chamber sgreed within 9 per cent of
each other.

(8) Tamper tests(32)(33)

R.E.Carter, M.G.Holloway, D.W.Kerst, R.E.Schreiber: Tamper Tests in Water
Boiler, LA=105 :
(33) .
R.E. Carter, L.D,P.King, R.E.Schreiber, J.W.Starner; Tampsr Tests, Unpublished.
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Experiments were performed to determine the effectiveness of
various substances as possible témper materials.
Two general types of tests were made:

(a) A single radial course of BeO bricks were replaced by a different

material of equal volume(B“). It was not expected that this

(34)
R. E. Carter, M. G. Holloway, D. W. Kerst, R. E. Schreiber: Tamper Tests
on Water Boiler, LA-105.

technique would give exact data for complete tampers, but it was
hoped that relative magnitudes of the effect of each material
‘could be obtained. The boiler was never far from critical for
these measurements and hence quite sensitive to small changes in
tamper. The results of these tests can be subdivided into two
groups (a) the total neutron effect, (b) the epithermal neutron
effect obtained by enclosing the bricks entirely in 30 mil cadmium
before placing them in the tamper. Two liquids and powdered WC
were measured in an aluminum container; the sink effect of the
container being corrected for by testing it in the normal BeQ
tamper.

This general type of measurement was done in two ways. Samples
not too differcnt from BeO could be measured by moving the con-
trol rod to thé proper position to maintain the boiler at critical.
Samples which had a large effect by themselves or when placed in
the cadmium box were measured by determining the multiplication
of a Ra Be scurce. The gecmetry of the boiler and detector was
identlcal to that used in the approach to crltical measurements.
The same curve of reciprocal count versus-mass of y233 in the
sphere could therefore be used to oﬁtain»the eqﬁivalence in grams
U 235 of the tamper samples being tested.

Table 4,2-37 tabulates the results of these measurements, The
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TABLE 4.2~
Tamper Tests
Material Grams of U235
Total Effect Epithermal (in Cd)
BeO o] 0
c 1.52 .67
D0 1.93 .9
Pb 2.67 5.
Bi 2.74 «85
oak 500 5.8
HO 5.3 4.8
Parzffin 7.0 8.7
Alr 8.0 4.8
Cu ' - 11.9 5
Fe 12.7 ‘6
Wie 15.79% 3.8
14.8 =%
Tu - ‘605‘0 . 06
# Density - 4.91
+#* Density - 14.8 (solid)
33 Density - 5.56
Material Size of Tamper Critical Mass
- Grams U235
BeO 3 ft. mock sphere 572 - 2%
BeO - graphite 2 ft. BeO cube surrounded by 13 573 - 2
: ft.of graphite shell '
Graphite - Be0 ' 18" graphite cube surrounded by 735 - 10
1 ft. of BeQ shell L
Graphite - tuballoy 4 tt. cube of graphite and 20 740 - 10
slugs ~ slugs of tuballoy 2" in diameter, ‘
24" long placed 12 di. from edge
of sphere
Graphite 4 ft. cube graphite _ 760 - 10
H0 - tuballoy slugs 5 ft. diameter cylinder, 5 ft. high 1100 - 100

with 63 tuballoy discs 2iox 2av
spaced equally on a spherical sur-
face 20 cm, in radius

# Measured with U238 chamber 4m tamper
and reentrant keyhole tube
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effect of the various materials tested is expressed'as AM
This indicates the amount of U235, either éositive or negative,

: which would have to be put in the sphere to make the boiler
just critical when the normal 3 inch x 3 inch x 12 inch BeO
bricks, extending from the sphere to the edge of the tamper,
are replaced by the sample in éuestidn. The tuballoy bricks
contained about 220 grams of U235; this was estimated tc be
equivalent to about 4 grams in the sphere itseif S0 presumably
accounts for the negative /A M in the table.

(b) The second general type of tampef tests consisted in replacing

a large portion of, or the gntire BeO tamper(35). The materials

€35) '
R. E. Carter, L. D. P. King, R. E. Schreiber, J. W. Starner: Tamper Tests
Unpublished.

tried were pure graphite, a combination of BeO‘and graphite,
graphite supplemented with tuballoy slugs, water, and jatér
with tuballoy slugs. The results are shown in Table 4.2-3B.
The measurements were made in the hope of finding a possible
tamper for the high power water boiler with more suitable neutron
properties than the BeQO. The objection to this tamper material
is the Be(¥ -n) reaction in providing a variable driving source
dependent or past running history. This is objectionable if |
sensitive critical measurements are to be made.

In all cases except the Be0O core graphite shell combination in-
sufficient 0235 was available to actually'go critical. The
technique used in the approach to critical wae therefore used.
The critical mess was estimated by measuring the counting rate
of various detectors as a function of the mass of U237 in the

sphere when using a 200 mc.Ra Be driving source. This method
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of measurement becomes more and more uncertain with the length

of the extrapolation required to reach ﬁhe,ébitical‘condition.

A four foot cube of graphite was first tested with four approxi-
‘mately equal additions of U235 which broughtthe total from 580
grams to 663 grams of U235, Internal manganese foils were placed
in the position found to give a linear reciprocal count versus
grams of y235 plot in the original approach to critical measure-
ments.

The data for the graphite again gave a linear plot so that the
extrapolation (about 90 grams equivalent) gave abfeliable critical
mass of 760 gra@s for a pure graphite tamper.

In order to reduce the amount of U235 required with a graphite
tamper a suggestion of Mr. Fermi's was tried. Twenty 2% inch x
2% inch tuballoy cylinders were placed in a lattice arrangeﬁent

12 centimeters from the sphere. This lattice gave only a slight
improveuent estimated to be about 20 grams U233 eqﬁivalent; Shift-
ing the slugs to a distance of 8 centimeters from the sphere was
slightly less effective (14 grams of U235) than at the 12 centi-
meter distance; Due to the small effect of the slugs no measure-
ments at distances greéter than at the 12 centimeter distance
from the sphere were made. »

As a mock up for a bismuth core BeQ shell tamper an 18 inch cube
graphite core backed by 1 foot of BeO was tried. If the critical
m3ss was suitable the pismuth shell would act &s a gamﬁa ray shield
between the sphere and the Pe0. This arrangement was better by
2l grams of uR35 than the pure graphite.

Critical mass measureuents were made in water for geveral reasons

(1) to check theoretical methods developed to calculate neutron
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behavior of water, {2) to detefmine safe §mnupts,ef.U235
which could be handled in processing and (3)>to see if water
was a suitable material fqr a high power boiler.

The BeO tamper was replaced by a 5 foot diameter cylindrical
water tank 5 feet high. This was effectively an infinite tamp-
er due to the short diffusion length of thermal neutrons in
water. Since only a limited amount of U233 was available(717
grams at the time) it was expected that criticality would not
be reached and the extrapolation method would have to be used.
Detectors were placed in the following positions, distances
being measured from the center of the sphere to the center of

the detector; a BF, chamber at 18 inches, Mn foils in a re-

3
entrant tube at 2 7/8 inches and 4 7/8 inches, a small U235
fission chamber at 2 7/8 inches. Concentrationsof 400, 505,

610, and 717 grams of U232 were used in the sphere. These
detectors were the same ones used in the original approach to
critical measurements; their locations were also quite similar
to those used at that time., This was fortunate since the critic-
al mass for water turned out to be about 1200 grams of uc35,
Since only 717 grams of 0235 were available this necessitated

a long extrapolation. The similarity in these curves to those
obtained earlier gave some confidence in this long extrapolation.
Following a suggestion of Mr. Teller 63 tﬁballoy discs (either
2.25 inches or 2.50 inches in diameter and 0.7 inches thick for
a total of 50 kilograms) were equally spaced on a'sphericai sur-
face of 20 centimeter radius. Two concentrations of 610 and

717 grams of U235 were used. The results obtained by some of

the detectors were rather inconclusive probably due to the dis-

tortion produced in the distribution by the slugs. In general
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the data indicated very littlie if any gain.

4.3 HIGH POWER WATER BOILER (HYPO)

L.3-1 Design Consideraticns

(1) General description.

The primary purpose of the high power water boiler was to furnish
a useful tool for research purposes requiring a large neutron
flux. An enriched pile similar to the low power water boiler
seemed ideal for such purposes due to its compact size and high
attainable flux. | |
A power of one kilowatt was seletced as the basis for the final
design. This power was believed attainable with thé limited
amount of enriched material available at this time; the cooling
requirements uculdlbe simple, the chance of trouble from froth-
ing or_large gas evolution due to electrolysis of the solution
would be small, and a reasonably high flux of 5 x 102 neutrans
per square centimeter seconds was expectéd.
The general design of the reactor was influenced by that of the
low power boiier. Sore modifications were made, however, in-
dependent of the new design.features necessary for higher power
operation. The principal modification was to eliminate the
hydrostatic control and poor gecmetry storage sysfgm used for
lopo due io.ghe exyerience gained in the behavior of enriched
Uranium in water solutions. |
The added.design features required for increased power operation

" were numerous: (1) A chahge of solution from Uranyl Sulphate to
Uranyl Nitrate was made to permit the extraction of fission

fragments by a known method (ether extraction); (2) installation
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of additional control rods for greater flexibility of cperation;
(3) introduction of an horizontal one inch pipe or "glory hole"
thrcugh the sphere £o permit éccess tao the highest neutron fiux
for certain types of experiments; (4) introductiocn of water cool-
ing and air flushing systems; (5) construction of gamma ray and
neutrcn shields; (6) the addition of a graphite thermalizing
column; (7) use of 1/16 inch instead of 1/32 inch stainless steel
throughout as a precaution against possible increase in corrosion
when operating at high power.
The general hypo layout is shown in Figure 19. The arrangement is
such so as to permit unobstructed paths'of at least 30 feet for
neutron beams from the <therial column or ports leading to the
reactor. Water, air and solution drain pipes arelin a shielded
underground trench leading to the small chemistry lab and de-
contamination equipment.
When the high power boiler was planned, it was thought advisable
. to have facilities available for decontaminating the solution.
This was believed necessary in case conditions should arise which
would require the quick return of the material for other’ purposes,
and in addition the length of time the boiler could run without:
requiring decontamination was somewhat uncertain.’ For these
reasons a small chemical laboratory was constructed with a_fraction—
ating tower and other equiprent necessary for decontaminating the
rboiler solution which might have several thousand curies of
activity.
The ether extraction method was chosen for decontamination since
the method was well known for purification of uranyl nitrate. The

flow sheet for the equipment is shown in Figure 20. The details
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of the equipment and method are given in referehcb(Bé) and

(36)
L. Helmholtz, J. C. Nevenzel, P. H. Watkins: High Power Water Boiler
(sections on decontamination) LaA-394.

Volume VIII, Chapter 7 of the Los Alamos Technical Series.

It now séems that such elaborate equipment may not be needed
for a water boiler since there has been.no need for decontamin-
ation of the solution in over 2500 kilowatt hours of oéeration.
This is due to the extremely low corrosicn rate of the stainless
steel container and the large fraction of fission activity (an

estimated 30 per cent) carried out by the flushing air. (37)

€ ol _ “
A. Goldstein, S. Katcoff: Sweeping of Gases from Homogenous Pile, LA-548.

(2) Critical mass estimate from lopo measurerents
It was possible to get a rather good estimate of the amount cf
U235 which would be required for the high power boiler from
simple celculations based on measurements made 6n lopo.
Various tamper mezsurements have been described (Section 4.2-3,
(8b)) These showed that the most effective tampers were BeQ or
a composite Be0 core graphite shell. It was pointed out there,
that beryllium is not an ideal tamper material for certain types
of experiments due to its large ¥ - n cross section. The need of
BeO bricks for other high priority experiments going on in thé
laberatory, and the amount of enriched material available lexd
to the choice of the camposite tamper irrespective of other
considerations.,
Numerous other critical measurements were made to assist in

estimating the critical masa requiréd'for Wypo. The effect
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of a 1/32 inch thicker sphere wall was measiured by fitting a
spare hemispherical spinning around the lopo sphere; the

effect of the cooling pipe was estimated by placing a short
section of the pipe at various positions inside the sphere;

a similar experiment using reéntrant tubes determined the
effect of the "glory hole™.

In all these measurements the change in control rod necessary
to hold the boiler just critical gave a measure of the
equivalent grams of 0235' for each sample tested. The net result
of these additional absorbers was determined as 130 grams

U235, (Thicker sphere 20 gram, cooling pipe 80 gram, glory

hole 30 gram).

In raking these estimates it was assumed that the effect of
these absorbers was additive and that one could extrapolate

the effect of a small absorber to one many times ‘iarger as was
“the case for the cooling coll. These assumptions are not
necessarily true, but the results proved to be quite accurate.
The conversion from uranyl sulphate to uranyl nitrate should |
decrease the reactivity by about 3.4 per cent due to the larger
" nitrogen cross section (1.75 barnes instead of .5 barnks for
sulphur). The absolute calibration of lopo (section 4.2-3c)
established that 1 per centin X was oc_;uiﬁ'élent to‘1.8.2 grams

of U235 This meant that a change from sulphate to nitrste was
equivalent to _about.» 70 grams.

Thé temperature coefficient should be about properticnal to the
amount of uranium in solution s§ was estimated to be 9 grams per
degree C instead of .55 grams p’gr degree C measured for lopo
(Section 4.2-3(2).)
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The total estimated critical mass, from the solution and
structural changes, amount to 205 grams more than for lopo,’
or a total of 770 grams. .This increase consisted of (1)

70 grams for the change from sulphate to nitrate, (2) 13C
grams for changes in the sphere structure and (3) 5 grams for
the tamper change and the four .'chamber monitor holes to be
used in ﬁhq new set up.

The actual critical mess would have been 773 grams had there
been enough material with 14.6 per cent enrichment. Th? -
estimates above are seen to be quite accurate and indicate
that the separate measurements were additive.

The original prediction was not this close due to the un-
certainty existing at that time in the absolute calibration
of lopo. This lead to an underestimate by a factor of two

in the effect of the change frda sulphate to nitrate.

The available 14.6 per cent material amounted to 767 grams, or,
not quite enough to go critical. An additicnal 102 grams of
U235 then procured had a 10.8 per cent enrichment so that after
mixing a concentration of li per cent resulted which went
critical with 806 grems. Recently, due to the loss of some
of the original material and the need for more reactivity 4
grams of 42 per cent material was added. The preséﬁﬁ concen-

tration is 885 grams of 14.5 per cent U235,

4o3-2 Co_r_x_s_zmctgq_l_'_petans

The mé.jor components of the high power water boiler, which \vill‘ be described
in the following seé‘l;ions are .the following: »

The reactor (1) (seevFigux;e 25) is a 12 inch dizameter 8ta‘_uini¢sa steel sphere

containing the active solution. It is surrounded by 2 tamper or reflector con-

sisting of a core of BeO bricks (2) supplenented by a shell of gi'aphite 3). .
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Acéessqfies to the reactor .are the cooling coil (a)-anﬁ the pipes for the
flushing air and level indicators (not shown in Figure k9 . The sphere is

: pierced’by a horizontal pipe ("glory hole") (5) to enzble one to have access
to the highest possible neutron flux. Between the tamper.and the thermal
column‘(é) is a bismth wall (7) which provided gamma ray protection for the
thermal column. A removable cadmium curtain (8) can be used as a ahutter'
for thermal neutrons in the column. The shield around the entire assembly
consists of 4 inches of lead (9), 1/32 inch of cadmium and 5 feet of concrete
(10).

(l) Sphere assembly (1/16 inch wall 18-8 type 347 stainless. steel
throughout all joints exposed to solution or vapor have staln—
less steel welds)

(a) Sphere - i one foot diameter stainless steel sphere contains the
active solution. The wall thickness varies from 1/16 inch at the
poles to 3/6i inch at the equator. The sphere consists of two
spun hemispheres with a 1} inch ID tube welded into the top and
a 3/4 inch tube into the lower hemisphere. 4 1 inchpipe is
welded horlzontally'thru the sphere to permit irradiat;on at the
highest possible flux. The pipe is slightly off center in order
not to péss through the weld joining the'hemispheres; This
weld, tﬁe last to be done in the assembly, was made by flowi;tg
the narrow flared lips on the two hemispheres together with
an acet&lené torch. 4 helium-atmbaphere was meintained inside
the sphére to prevent oxidation (&) Pigure 21 shows detéils of
the sphere assembly |

(b) Cooling coil - 4 six turn cooling coil g inch ID and an effect-

_ive length of 157‘inches is wound in the fbrm of a;hslix. Figures
1:21;722.show_the'appearance of the coil: calculatiohs for natural

convective cooling indicated that 50 cubic centimeters per second



Figure 21
Hypo Sphere Asseombly

Total Volume of Sphere 14700 cubic centimsters

Volums of 3/4 pipe 200 " "
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Unused Volume of Sphere 700 " "

Coil Displacemsnt Volume 343 0" "

1 inch Tube Displacement 130 " "
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Total IZ-Z-I;_ " "
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of water through a 72 inch length of such a tube should give
adequate cooling for operation at 1 kilowatt with an approxi-
mate rise of 30 degrees C abéve room tenmeraturé cooling water.
Electrolysis of the water in the solution was expected ﬁo Pro-
duce 2 cubic centimeters per second of hydrbgen and oxygen due
to the heavy ionizing currents in the sphere. Tests indicated
that the cooling efficiency _of a coil might be cut in half by

_bubble formation throughout a mock solution. The cooling tube

was overdesigned to take care of this possibility. The inlet
outlet water pipes are arranged so that the coil will drain by
gravity. A weter bucket in the ocutlet serves as an indicator
to show that water is flowing at 50 cubic centimeters per second
and also turns the water cooling units on. These units ;Lower
the inlet water temperature at 5 degrees C and permit 6 kilowatt
operation the year arcund. The water outlet flows through a
tank with several compartments before leaving the shield. This
permits the short lived radicactivity of the water to die out
before the water gets to the 6utlet about 75 feet from the
building. See Figure 23 for cooling water layout.

Flushing air and level indicator - Due to the explosive nature
of the gas released by eloctrd]_.ysis and the highly concentrated
radiocactive gases produced in the solution msans of dilutin’g and
tlushing out these ga#es was requ:.red. Approximately 30 cubic |
centimeters per second of sir is admitted through a 3/8 inch ID
tube which is pointed at the end and serves as 2 solution level
jndicator as well as air inlet. The tube is 11 feet long and is
held concentric to a 3/4 inch tube by means of a single lavite
insulator 7 feet from the sphere. It can be raised or lowered

by a selsyn controlled gear; a ‘syphon forms the flexible gas



IV - 64

CONTROL

ROOM  —T+—— HYPO ROOM

C FLOAT VALVE

\ CONSTANT HEAD

STORAGE AND
SETTLING TANK

‘,____J
= >
WATER MAIN
FLOW !
METER SWITCH OPERATES GOOLING
COOLING UNITS AND NEON ON
UNIT 7 CONTROL PANEL
i SWITCH
| m’/”ﬁi
CONTROL
VALVE

HYPO

1 @l

SPHERE

SAFETY BUCKET

COOLING  TANK ) LI | |
200"

Figure 23 UNDERGROUND

Water Cooling System



4 COPPER TUBING

SOLDER TO BUBBLER
LEVEL TUBE

TO LEVEL INDICATOR

CONTROL UNI T

4 SPEAKER

BUBBLER LEVEL INDICATOR - TUBE

B LEVEL OF CONGRETE
T R
N
7o warer | 3 COPPER TUBING -SOLDER
TANK ~—TO COOLING COIL
_-LEVEL INDICATOR HOUSING
! EVEL INDICATOR 8 AIR
_,i. E:UTuLes-i on. < ~S'S CONNECTING SLEVE
< BUBBL 4 T0% Q0. PIPE
© LT/-WATER IN-%0.D. TUBING GASKET
- - LD ;
T | \A'R out- oo TUBING | ~WATER BUCKET —SEE HYPO
73 — > ¢ ; _,/ COOLING TANK DETAIL
oyl = |
) -0
| e WATER OUT-1% 0. TUBING r-a
[ < S'S WATER TUBES TO SLEVE ﬂ o |
H § ; *
i ) ! WATER OUT-
—re
&
' : 42°
'

)y C—

-2

=

28'_7

<R

Figure 24

Bypo Sphere' Assenmdbly

=
| <TO WATER TANK

TOP VIEW SECTION

A—A

ALL MATERIAL TYPE 347 STAINLESS
‘STEEL EXCEPT AS NOTED

FLOOR LEVEL
INCHES




(d)

(e)

(£)

IV = 66

seal. A revolution counter gives the pointer positian, while
a neon light, requiring é.ffaction of a microampere, in con-
Junction with an electr;)nic circuit indicat es the liquid con-
tact. The level can be read to .0l inches. These concéntric
tubes have been used for a rapid analiysi's;,q'i the boiler gas
by making the outer tube the air inlo,t and the centré.l one the
gas outlet leading directly to the test equipment. _
Bubbler level indicator - A 3/8 inch tube extends 4 centimeters
dowh into the sphere aﬁd acts as a minimum solution level in-
dicator. If the tube is in the solut_ion, the pressure changes
produced by a& small air flow through the tube is amplified and

can be made audible or visible at the contrcl panel by means of

. a loud speaker and neon light. To pért’nit an easy escape for

the bubbles and prevent possible frothing from electrolysis as
well as to allow adequate space for the expansion of the solution,
thq_“apherb is not completely filled. A maximum solution level

of 3 centimeters from the f.op and a mininum of 4 centimeters

from the top are used.

Temperature indicator - A copper constantin thermocouple in a
3/16 inch tube extends through the bubbler tube into the center
of the sphere. Thermoccuples are .connected also to inlet and
ocutlet water. These temperatures are read directly on a panel
meter. Couples at. various tamper points were found unnecesaafy

for the power usod.

4ir outlet - A 3/8 inch air outlet tube is welded into the top

of the 13 inch upper sphere tube. This is connected to a small
chamber outside the boiler shield which acts as a safety solution

catcher. The presence of liquid in the air cutlet line is shown

by a contactor and panel light. Some platinum gauze in an en-
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larged section of the tube acts as an explosion atop in case
the flushing air flow should stop and one of the contactors
czuse a detonation. Beyond the safety catcher the air goes
200 feet under ground to large silica gel drying tanks which
can be reactivated by remote control. From the drier a 200

A . s ks avbonda simdamoAiin A amd dham o= 10NN
O0U COpPPSer vtvuoe &XUeNasS undserground anu waen an iovu

foot
saran tube tzkes the highl& active gases a sufficient distance
from the building to recuce the radiation there to.less than
.0l R per 8 hour. The saran tube is strung between trees and
fastered about 15 féet above the ground. This simple expedient
was possible due to the isolated location of the building. A
considerable portion of the fission activity is carried out by
the flushing air (about 15 R per hour a few feet from the line
while operating =t full power). Numerous signs have therefore
been placed along the line to wérn people to stay at z safe
distance.

(g) Drain tube and dump valve - The original arrangement for dumping
solution to the chemists decontamination equipment by means of
a remotely controlled valve, is shown in Figure 23. Due to the
formation of a precipitate after 1000 kilowatt hours of operation
the lower 3/4 inch tube and valve became plugged and could not
be used for draining the solution.

Since the exact cause of the precipitate was not known at that
time, it was thought advisable to reduce any dead space where
incomplete mixing might cause further precipitation. .Por this
reason the lower 3/4 inch pipe and drain valve wers femoved.‘ A
long 1/8 inch stainless steel tube was installed to replace the

3/4 inch tube. This tube runs horizontally from the botiom of

the sphere to the back of the tamper and is then brought verti-
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cally up through the shield., The acid and water addition are
now made by means of this tube and air can be bubbled through
to insure better mixing. This latter procefiurehas:.npt been
found necessary, however.

Tamper, Thermal Column and Radiation Shield.

Tamper -~ The tamper, or reflector, consists of a 24 inch x 24
inch x 27 inch BeO core next to the sphere, surrounded by .
graphite to form a 60 inch x 48 inch x 60 inch rectangular
parallelopiped, (Figure 25). The BeO blocks are those described
above under lopo, the graphite consists of 4, 2, and 1 fool long
stringers 43 inch square. The BeQ and graphite have experiment-
ally determined densities of 2.69 and 1.614 and diffusion lengths

of 48.45 centimeters and 29.4 centimeters respectively. (38)

(38)

J. Hinton, L. D. P. King: Exp. Determination of Diffusion Length of C

. Neutrons in BeO, L&-160.

- Two safety drip pans were installed in the tamper to preveat loss

of solution in case a leak should develop (Figure 26 and 27). 4
.020 inch stainless steel pan was placed betweem the BeO and

graphite and alarge 3/16 inch lead pan is placed beneath the en-

tire tamper. Both drip pans drein into a funnel leading to the

chemists vault.

The tamper is designed to permit the removal of various blocks

of graphite in order to obtain neutron beans, bvilrradia.te samples,
insert monitors, etc. Thé horizontal ports are. shown in FPigure
28. Two of these ports extend through the graphite up to the
BeO. The third is specifically shaped to extend up to the sphere
and is drilled with a 1 inch diameter hole coaxial with the

tglory hole' through the sphere. Vertical parts are shown in
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Figure 29, These -hajve been primarily used for monitors.
Thermal column - idjacent to one side of the tamper is a 5 foot
cube of graphite to thermalize the xie,ﬁtrons. 'qu_ei‘oqs experi-
mental ports have been provided here as in the tamper (Figure
28). The transverse ports can be made to extend completely through
the column. The longitudinal ports can be varied almost at will
but normally axtemi to the cadmium curtain. The largest port
obtainable without complete remodeling of the thermal column is
3, inch x 34 inch extending into the thermal column i feet.

A cadmium curtain extends across the thermal column 4 feet from
the front of the column. This curtain can be raised or lowered
by an electric motor with gear reduction and pully system con-
trolled either from the control room or from the end of the
column. The curtain acts as a shutter for thermal neutrons and
can be used for timing purposes or to reduce the neutron in-
tensity_ dﬁring changes in experimental equipment.

Radiation shigld - In order to provide adegquate phwéiological
protection and to reduce the neutron and 14 -ray backgrounds to
sufficiently low levels for experimental purposes an effective
radiation shield is essenﬁial. .This is accomplished by a com-
bination of cadmium, lead, concrete, and bismuth.

All surfaces of the tamper and thermal column are covered with
1/32 inch of cadmium to stop the thermal neutrons. The cadmium
is backed by at least 4 inches of lead to reduce the resulting

‘( rays. The entire unit is then enclosed by 5 feet of concrete

 (except at the end of the thermal column) to reduce the 'remaining

X_ rays and fast neutron leakage. The concrete is all poured

exée_pt for that above thé tamper and thermal column (Figure 28),
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The concrete at the back of the tamper was poured on.a cart

sét on rails to permit easy access to the tamper. The shield

on top of the thermal column is in the form of large cement
blocks supported by the column. Above the tamper the shield

is supported by beams resting on a ledge provided by the gon-
crete side walls. This portion of the shield was originally
made with a very low strength cement mix and small concrete
blocks. Later, this was replaced b)" bu:.ld:.ng bricks and sand.
Both types of construction havg been satisfactory and can be
removed ﬁthmt mich difficulty if access to the sphere is
necessary from sbove.

To give additional K_,ray protection in front of the thermal
column (where there is only graphite if work is being done on
the column) an 8 inch thick pier of bismuth is placed between
the tamper and the thermal column. This results in a substantial
decrease in the direct ¥ radiation from the sphere itself, with-
out a serious neutron loss. To make up for the lack of concrete
in front of the thermal column the neutron and ¥ ray leakage is
further reduced by adding a 1 inch layer of polythene and 2 3/4
inch layer of boron plastic inside the cadmium and increasing
the thickness of the iead to 8 inches. The G. M. counter back-
ground in front of the column when operating at full power is
only twice that due to cosmic rays.

411 of the parté which extend through the concrete are pormally
plugged Auith wood capped i:y cadmium and 2 inches of lead. The
'parts opposite the sphere are shielded by wooden plugs and 4 inch
lead éoors to permit easy access to the “glory hole", Pigures

30 and 31 are side and front views of the shield.
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Figure 31
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(3) Control, shim and safety rods. _
The reactivity of the boiler is controlled by MS of four
cadmium rods operated from the .contrgl room; two control rods,
a shm rod, and a safety rod. The latter always remains out
dux;ing operation. It is used only to stop the chain redction
in case the intensity should get too high. For additional
safety the two control rods are designed with a releasé mechan-.
ism so that they can be used for safety as well as control.
These safety devices are necessary in case the power is raised
too rapidly. Under normal operating conditions the boiler is
self-regulating due to the temperature effect; however, if the
rods are pulled out too fast, without a safety device the heaf,
liberated might be enough to vaporize the solution before the
increased temperature had time to control the reactivity. The
fastest period theoretically obtainable with the boiler is
approximately .02 seconds. The rods are mounted vertically so
that those uged for safety may fall freely when released. This
elimifxates the necessity of a fast mechanical device ‘to push
them in.
The total eguivalence in grams of U235 of the control and shim
rods is about 160 grams which is about 35 grams more than that
necessarj to compensate for the maximum temperature effect.
The arrangement of the four rods in shown top view in Figure.
29. Cadmium is contzined in the lower 30 inches of the rod.
The rods oxtend. from the top of the cement structure to 5 inqhga
below the bottom of the sphere. They have a total motion of 2.
feet, which means that whea they are out, the bottom of the
cadmium is about at the top of the B0 t.ami:er,

Control rods: The. control and safety rods slide in metal sheath:
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as shown to scale in Figure3z, For minimum neutron abscrption
the lower halves of the sheaths are made of 1/32 inch wall
aluminum. Both halves of the three sheaths can be seen in place
in Figure 2%; above the iron plate the sheaths are iron.
The two control rods are identical. They were made as light as
possible so that they could be operated directly by selsyns.
Bach rod is 113 inches long and weighs 4 pounds. It consists
(Figure 32) of two long strips of dural 2 inches apart. The
lower end of the gap between the strips is filled by 2 sh_eot of
Cadmium (30 inches long, 2% inches wide and .032 inch thick)
s:a.nduiched botﬁeen two similar sheets of dural. As shown in
cross-section in the figure, each side of the cadmium sandwich
fits in a slot cut in the corresponding dural strip. To mini-
‘mige the total weight of the rods this slot extends the full
length of each stfip.
Rack and pinion devices are used to move the rods. The racks
are 26 inches long mounted at the top of each rod between the
dural strips. The pinion gear is mounted directly on the selsyn
shaft. | |
In order that the rod act fast enough for' safety, it must be
aliowed to drop freely. Since it must also have a fairly accurate
position control a rather complicated mechanism is necessary.
This is shown in Figures 33 and 34.
To allow the rod to drop freely the pinion gear (1), Figure 33,
must be released from the selsyn. For this reason the pinion is
coupled to the selsyn. In order to drop the rod the coupling (2)
is broken and the pinion rotates freely on the selsyn shaft... The

coupling is held closed against the force of two springs by 2 push



+
ey
L]
¢ o]
(&

||3%

a0y aooonnono
10 10000

:

(2 DURAL PISTON

(3) SPRING
(@) BRASS CYLINDER

PISTON STOP

1 i&(‘ . 5/

ANNANNNNY
STEEL PLATES

CONCRETE - STEEL SHEATH

SLIDING FIT
e BRASS PLATES

AL
RN

GRAPHITE *—— ||_—~ALUMINUM SHEATH

m CADMIUM SHEET

BeO

A SECTION A-A

Figure 32

Control rod Assembly



Iy - 81

E Amy
A HH
i E °|s S ®
H ] 9
SELSYN ™N - /® 3
ol | (211 = =t 2 5
v B - - - J1I11-] o
T~ 31T 13- ---fUHR
T (373
;’D _,_’::2
/
\\\ Colninl St Y L
P o o’ i
ja B R el =5 i
- | [
SR F
| | i
o i i@ ! b
(K Lo Hi{n L
' A
N b —— = : |
F s —==Hll |
Nl== =g i
| = = 13|
| f : ‘l
L L e
I B RS = —h
o1 L el el T
A‘—I
PINION GEAR
COUPLING

—
"o

SSSSSSSSSS,

|
I A

SECTION A-A

Figure 33

SECNCRONONCNCOR

RATCHET GEAR

RATCHET
RATCHET SOLENOID

PISTON BRAKES
CONTROL ROD

COUPLING SOLENOID

®

DECOUPLING SPRING

@ AUTOMATIC CONTROL

GEAR

Control rod driving mechanism



Iv - 82

.

i

.

.

Figure 34

Control rod driving mechanism



IV - 83

A. C. solenoid (8). Vhen the ecurrent through the solenoid'

is cut off, the sprimgs open the,qQ9pling and the rod drops
in. With this arrangement the rods will autamatically drop,

in case of power failure.

It was originally planned to use the old centrol red from lopo
for fine adjustment between predetermined fairly large intervals
of the new rods. In order to mazke these rods more useful the
stationary intervals were reduced to a 1/16 inch in the final
design with continuous motion between intervals possible for
control purposes. The rods are held at any desired interval by
means of z ratchet (4) which engages in a tooth of a ratchet
gear (3) fastened to the selsyn shaft. The gear has 48 teeth
since one revolution of the pinion moves the rﬁd 3 inches, the
rod moves 1/16 inch per tooth.. The ratchet is engaged or dis-
engzged by a solenoid (5). If disengaged the rods can be moved
by turning the knob fastened to the shaft of the selsyn in the
control roor (Figure 35). 1In this wey the operator actually
feels the weight of the rod. The selsyns used are Navy #7G.
They are rated for 2.4 inch ounces per degree, linear to 3C
degree of phase lag. Since the radius of the pinion is 3 inch
and the rods weigh 4 pounds each, the control-room-selsyn lesds
‘the hypo selsyn by 10 degrees, or 1-1/3 notches on the ratchet.
The position of the rods is indicated by a revolution counter
geared to the control room selsyn shaft as shown in Figure 35.
Each number in the first digit representslone notch on the
ratchet or 1/16 inch motion of the rod. When the rod is all
the way oﬁt the indicator reads 350, i. e., 7.3 turns of the

selsyn.

During operstion of the boiler the new rods razther than the old
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control rod have been found to be the most convenient control.
This latter rod is therefore called.a shim rod. One rod is
usually left ocut in some fixed pésition, The other can be used
for either manual or automatic control. '

The circuit for the control rod is shown in Figure 36, The red
is dropped by ¢utting the AC to the coupling solencid. This may
be done in severzl ways: by the safety tripping circuit which
bypasé’es the AC through a thyratron, by a manual switch, or by
the micro-switch (1), which activates the holding relay (3)
thereby cutting the AC until the relay is reset, Micro-switch
(1) is used to prevent damage to the mechanism. If the rod is
raised. too high f&r example by the autaomatic control it contacts
this switch and is automatically dropped. Switch (2) is a
S.P.D.T. micro-switch indicating by liphts (6) and (7) whether
the rod is in or not.

In order to be able to reproduce positions of the rod it is
essential that the Apinion coupling be reengaged in the same
relative position to the ratchet every time after the rod is
di-opped. An asymetric tooth in the coupling joint limits the
engagenent to one position in each revolution. The mechanism

is so arranged that the coupling solenolds can not be activated.
un;gsg the positicn indicator in the control room reads 000

.‘!he mechanism for this is shown in detail in Figure 35. The knobs
on the two gears (1) and (2) 1lift u§ the pivoted arm (3)_ at each
revolution. Only at zero do both knobs bass under the amat the
same time. When this occurs the atth- is lifted enougk to operate
the switches (4) and (5) Figures 35 and 36. Switch (4} Figure |
36 fél_iases the mechanical. catéh of the holding relay (3), while
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switch (5) resets the thyratron safety circuit, The safety
circuit is reset, however, only if the indicaturs of Gtoth

rods read 000, This is accomplished by requiring that the

two parallel micro-switches, one from each rod, simultaneously
open the plate supply of the fired thyratron Figure 37.

Air brakes shown in Figure 32 are used for the control and
safety rods. Two small dural shafts (1) fastened to the top

of the rods hit a piston (2) held up by a spring (3) in a
cylinder (4). The brakes operate over the last 4 inches of
travel.

Shim rod: A detailed description of this old control red (Fig-
ure 39) may be found in 4.2-l(c) above under low power boiler.

It was adapted to the hypo from the low power boiler by extending
thé screw shaft and outer case,

The motion is controlled by a knob from a center-tapped 200 volt
varisc on the control panel. The circuit is shown in Figure 40,
A reversﬁng switch is connected to the kmob in such a way that
turning the knob clockwise raises the rod, counter clockwise
lowers ite This rod is now mainly used for changing the operat-
ing range of the boiler and seldom for control purposes and hence
is now called the shim rod.

Safety rod: The safety is shown schematicélly in Figure 41, It
is identical in construction to the two conmtrol rods. The circuit
diagram is shown in Figure 42.

During operation the safety rod is held "out" by an AC solenoid
the core of the solenoid being attached to the rqd.. An inter-
ruption of the current in the magnet brought about manually or

by any of the safety circuits allows the rod to fall freely.
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As shown in Figures 42 and 37 the soilnoid coil is in series
with the contacts of normally open D. C. relay and micro-switch.
The relay is operated by the safety tripping circuit. The micro-
switch closes when the solencid is in contact with the safety
rod, i. e., only when the solenoid core is in place. Without
such a device, if the safety tripping circuit were reset after
the rod had been dropped, the solenoid wouid burn up.

The solenoid is raised cr lowered by a geared AC motor mounted

on the superstructure of the hype, Limit switches stop the

motor when the magnet reaches either its top or bottom positions.

is shown in Figure 41 they are operated by a pivoted arm which
foliows the thread of the cable drum. Two switches operate
indicator lights on the control panel, one tc show when the
magnet is up, the other to show when the rod is down.

In Figure 43 one can see the two control selsyns (the automatic
control gear box attached to the left hand one), the control rod
mechanism suspended from the upper iron plate and the safety rod
mechanism on top. The level indicztor with its selsyn and the
water inlet are alsc cliearly visible.

Detectors and Indicators

The devices. which indicate neutron flux from the hypeare acti-
vated by two kinds of ioniza@ion chzmbers - BF3 and 0235 .

The most important and useful detecting system is that of the
galvanometers. These give a continuous reading, very sensitive
to changes in, and proportional tc, the neutron flux. The
sensitivity to very small variations in power is increased many-
fold by using a null method with a high-sensitivity galvanometer.
This galvanomeﬁer, on full or .1 sensitivity, is kept near its

zero position by a slight, <ontinuzl motion of the shim rods by
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Figure 42

Safety rod circuit.
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an operator or the esutomatic control.

Figure Ll shows the two galvanometers in series, supplied

by a large U235coated ionization chember which will be de-
’scribed_later. The chamber, which for normal operation is
pulled out to the edge of the tamper, is in a high enough

flux so that the ionization current is of the order of

5x 10’6 amperes per kilowatt and the first gglvanometer, which
is deflected by the total current, must be shunted to 1/1000

of its meximum sensitivity for any powers over 1 kilcwatt,

(see 4.3=-2(5) for planned modificatibn). This, of course,
mekes it insensitive to changes of ever several percent. ill

of this ionization current goes through the differentialiy
connected galvanometer also, but its spot is kept on scaie

by an equal and opposite current. This current is supplied

by a continuously variable source of emf obtained from a
potentiometer, applied through a resister of the proper value.
The deflection sensitivity of the differential galvanometer

is 5 x 10° millimeters per kilowatt, so.by the null method,

a change of neutron density of one part in five-hundred thousanc
is detectable at this power and dne part in fifty thousand
controllable, This sensitivity, however, is proportional tc
the power of operation and is therefore less at low powers.

A protecting relay system has been installed to short out the
differential galvanometer automatically if any of the con-
trolling rods should drop unexpectedly (Figure 45).

Since the chamber is oniy ahout 45 centimeters frcm the sphere,
ionization due to the gamma-activity of the accumlated fission

fragments was expected to produce a variable and appreciable

background. This has beer found to be negligible.
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It was desirable to eliminate ion-producing processes which
result from past history of the boiler, or from the total
(nv}t having passed through the ionization chamber. This
weant using a construction material for the chamber which
gave very little residual activity after a strong bombard-
ment. It had been found at Chicago that if ordinary "black®
or cold rolled iron were used, practically the only activity
present was due to Mn impurities., So the chamber Figure 46,
is built eatirely of this material.

The chamber was designed with paralleled plates connected as
shown to permit rather large surface afea in a convenient
volume so that the large ionization currents required for high
sensitivity could be obtained. Ainother type chamber recently

used to replace the HF., chambers is shown in Figure 47,

3
The chamber, Figure 46, contains a total of 184 milligrams of
3, plates except those on the ends are coated on both
sides. The coating is the residue left after heating the
original 353 milligrams of 63.1 per cent enriched U3°8 put on
in the form of nitrate with a zapon blnder.

The small U235 chamber which has been used to determine the
linearity of the galvanomater system is used to integratg the
total-power. This is accoumplished by setting the discriminator
of a scaler to a vailue which will give some predetermined
nunber of counts for a kilowatt-minute of operation. This
system, recorded on z modified mechanical counter through

scale of 256, is never turned off, and is read at the control
'panel at the beginning and end of each run. This chamber also

operates a counting rate meter model 100 wh:Lch conta:ma a
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rod-dropping circuit. (Volume I, Chapter 1).

This U235 chamber consists of an aluminum foil in the form

of a cylinder 1 inch long by 5/8 inch diameter, coated with

a thin layer of 63.1 per cent enriched U. There are 1.15
milligrams Qf UBQ‘, makihg .613‘ﬁilligrams of 0235,_and a
consequent cross-section of roughly .85 x 10‘38quarecenti-
meters. The chamber is connected to the preamp by a 3/i inch

0. D. 7.5-foot dural tube. Both chamber and tube contain argon
at about 20 pounds per square inch (absoclute). The signal lead,
a 0,008 inch piano wire, comnnects the chamber to a Sands Model
101 preamp and 100 amplifier. See Volume I, Chapter 1 of Los
Alamos Technical Series.

Another midget 0235 chanber can be used for flux measurements

in the thermal column or as a fixed monitor. It was made by

coating U235 op 5 platinum foil which was then rolied into a
cylinder and sealed into a glass tube. The tube was filled
to.a pressure of one atmosphere with pure argon and sealed
off. A photograph of this type of chamber is shown in Figure
50. The chamber is mounted at one end of a 7/8 inch O. D.
aluminuic tube 8 feet long so that it can be placed in the
middle of the thermal column through one of the small side
ports shown in Figures 28 and 30.

Figure 48 shows the power calibration curves for the large
U235 chamber and the smail integrating chamber.

Automatic pilot

For very accurate control of the neutron level almost contin-

uous slight motion of the controlling rod is necessary. An

automatic control has been made to relieve the operator from
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this rather fatiguing job
'Figure 51 shows a schematic layout of the control. The
system uses the current from the large U235»chamber (Figure
L6 which also supplies the current for the control galvano-
meters. The»cohtrol system consists.of 1) a powor doter—
mining device (resistof in Figure 44), (2) a DC amplifier
and mixer (Figure 32), (3) and AC ampiifier»(Figure~53);
and (4) a regulated power supply.
The intensity level at which the control operatés is deié:—
mined‘by phe off-balance voltage applied.to thé DC amplifier.
The pilot then causes the intensity to rise by pulling the
shim rod out until the voltage developed acrooa the‘imput
resistor cancels tﬁe applied voltage. any subsegquent fluct-
uations of the boiler will cause the control to move the rod
in such a direction as to remove the unoalance.
Any voltage change occurring across the imput resistor is
amplified by the DC amplifier and applied to the mixer or con-
verter. The mixer is essentially a linear gate cireuit which
delivers a 60 cycle output whose amplitude is proportional
to the amplitude of the DC and whose phase is determined by
the polarity of the DC. fhe converter output is fed to the
AC.amplifier where_it is built up until enough power is avail-
able to dri#e a small reversible two phase motor. The motor
drives the controlling rod rack and pinion through a train of
gears with & safety release mechanism (Pigure 3h4).
The unbalanced voltage is obtained by a standard poteniiometerj
Figure 44. The dial of the potentiometer reads power difoctl&v'

to a few watts. The accuracy of the dialvcalibfation is aesuréd
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by checking with the standard cell. Once the control is set the
powervlevel can be mainta ned at about .0l per cent with only
an occasiopal slight drift,

Safety devices

There are three independent detectors which can be adjusted to
drop the safety and control rods at any predetermined neutron
intensity Figure 45. Two of these are BF. chambers connected to

3
DC amplitiers Figure 49. The other is the above mentioned smallU235

.Cchamber and counting rate meter which includes a safety tripping

flip-flop circuit. The measured overall time required to drop the
rod is 0.42 seconds; this is made up of .378 seconds for the rods
to drop by gravity. .0420 seconds from the lag in the slectrical
components (relay and solenoid).

The safety circuits Figure 37 are arranged with two bias batteriea
When the intensity goes up to a predetermined value the normal
satety rod is released by firing a thyratron. It the intensity
should stiil continue up to a point 50 per cent higher, another
thyratron with its grid more highly biased is fired and causes
both control rods to drop. This system has been most satisfactory
The safety rod only, or both control and satety rods, can also be
dropped manually by switches on the control panel. These switches
are shown as "safety" and "super-safety" in Figure 37. The safety
rod thyratron is automatically reset by a condenser when the neutron
intensity gets sufficiently low (Figure 37). A delay in reenergiz-
ing the lifting solenoid has been described in the section‘above
on the control rods. For the control rods the thyratron continues

to conduct until the plate lead is opened simultaneously by the

two switches labeled shim rod reset (Figure 37) as mentioned above.

Recently a somewhat simplified safety circuit using hard vacuum tubes
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has been used (Figure 38).

During the operation of the boiler, flushing air must always

be flowing, to prevent the formation of an explosive mixture.

In addition, cooling water may or may not be flowing depending

on the power of operation. Since it is always possible either
through mechanical failure or through carelessness of the operator
to start a run without air or water, additional preventive gafety
devices have bean instalied to protect equipment fron possible
damage.

In series with the light that indicates the flow of air is a relay
in the grid circuit of a thyratron. This thyratron is in parallel
with those of the safety monitor system. When the air is left off,
or is not flowing sufficiently to light the indicatqr, the thyra-
tren is tired which drops the satety rod. The criterion in the
case of the flow of water is the temperature of the "soup.® Current
from a thermocouple in the "soup® is put through a galvanometer,
and the photo tube is placed in the path of the spot, so that when
a temperature exceeding 85 degrees is reached the photo tube *fires®
another thyratron agzin dropping the safety rod.

In the same category of preventive satety devices, are included
those to prevent unauthorized personnel from tampering with the
control mechanisas or operating the boiler. The power for the
operation of the rods is controlled by a locking switch, ﬁhe

key to which is available only to authorized persomnel. %o pre-
vent the menual raising of the rods without using the comtrol
panel the rods hdve been enclosed in a small removablg structure

normlly kept locked. This structure is not shown in Figure 43
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4.3-3 Operation
(1) Approach toc eritical

A solution containing approximately 56 grams of U235 per
liter was prepered ancd 2 system arranged so that the solution
could be added to the sphere in known volumes or portions
withdrawn for mixing.
The method used was to run a "Saran™ tube to the bottam of the
sphere through the level indicst or tube. Then by means of a
vacuum puinp part of the solution could be raised into a large
graduate and known quantities of solution added and mixed be-
fore lowering it .nto the sphere. More complete mixing with
the solution already in the sphere was accomplished by raising
and lowering 2; liters ten times between the graduate and the
spherg.A
Counts were taken with the detecting chambers when approximately
3, 6, 9, 10, 11, and 12, liters of solution were in the sphere.
i plot of the reciprocal of the counting rate. versus the mass
of U235 in the sphere gave an indication of the expected critical
mzss. Six more smaller additions brought the boiler to eritical
with 808 grams of 14 per cent enriched Uranium. It should be
noted that all these smaller additions as well as thése for the
rod calibration mentioned-belcw hed to be done at constant volume
in the sphere in order to have identical geometrical conditions.
(2) Rod calibration
From the reactivity equation for the weter boiler described in
4.2—3(&) above the relation between reactivity or excess K and
the boiler period is known. Independent calculations based on
the cross section of the solution components and absorption by

the stainless steel container and cooling coil give the equation
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n

6K =K=-171.219 — 5 -1 (See Figure 54)

+ 177

relating the excess reactivity of S K to the total mass (m)

of U235 in the sphere. Thig equation has an initial slope

of 222 and a final slope of 196 i, e., the effectiveness of
one gram of U235 becomes less as material is added from
critical to the final amount of 870 grams of U235, This shows
the greater meaningfulness of a reactivity unit as compared to
using grams of yR35 as a unit. The microre suggested by Fermi
is used as a measure of reactivity. This unit was used in
ail calibration work, a microre being taken as K x 106.

The apparent loss of reactivity per gram of U235 with increased
concentration was observed during the rod calibration since the

effect of the rods appeared to change with equal additions of

'U235. This difficulty was overcome in the calibration since

there was a considerable region over which the calibration curve
for each rod was linear. It was therefore possible to connect
the early "out" position section of the calibration curve to the
later *in® position sectionvby a shift until the linear portions
coincided; i. e., the intercalibration of the rods was done by
comparing one rocd operating on the curved characteristic with
the other working on the linear portion, as the U235 concentra-
tion was increased.

Temperature effect

A determination of the temperature coefficient for the power
boiler was made over a wide range. The results are shown in
Figure 56. A negative coefficient of 262 microre = 1.33 gram
of U235'equivalent per degree centigrade was obtained.

The temperature of the solution as a function of beciler power

is shown in Figure 57.
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Figure 57
Equilibrium Running Conditions

for 50 cc/sec Inlet Water at 8°C
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(4) Loss of nitrate and water
After the hype had run for severzl hundred kilawatt hcurs it
was observed that its reactivity had increased considerably.
Chemical analysis of the solution indicated a 30 per cent de-
ficit in the original nitrogen content. The uranyl nitrate
was apparently gradually being converted into basic nitrate
and the free nitrate carried off in the flushing air. Labora-
tory tests indicated that the solution would precipitate if the
luss of nitrogen exceeded 35'pgr cent. The addition of nitric
écid formed the nofmal nitrate again when added tc the test
sclutions.
At this time it seemed advisable to add some acid but maintain
the nitrogen ccncentration about 20 per cent lower than the
original value since this permitted operation at higher power
wiih the available material.
Previous additions to the sclution had‘ccnsisted of>distilled
water tc make up for that lost by electrolysis.
The loss of nitrate necessitated additions of concentrated
nitric as well as water in the ratio of about 2.8 water to acid.
After 1000 kilowatt hours of operation as mentioned above a
precipitate was formed. The laboratofy tests of a precipitate
forming only at 35 per cent deficit in nitrogen were apparently
nct born out when the meterial was under intense irradiation and
imperfect mixing existed immediately after additions were made,.
The nitrogen concentration was then brought back to that for
normal uranyl nitrate and no further precipitation has occurred
to date (July 1946) with an additional 2500 kilowatt hours of
operation.

Additions now are in the ratio of 1.4 water to acid to maintain
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the normai concentration of nitrogen. About 6 cubic centimeters
of water and acid are required per kilowatt hour of operation.
Controls and operationél procecdure

The contr§1 panel is showr in Figure 58. The punel rack on the
extreme right contains the follcwing units from top tc bottém:
(1) ccunting rate meter with adjustable neutron level safety
tripper; (2) power integrator scale of 256 (both (1) and (2)
operate from a small U235 chamder);{3) iow of trouble lights to
indicate if running conditions are right, i. e., air flow, water
flow, control rods out from zerc position, cadmium curtain up,
safety catcher bucket expty; (4) galvancmeter shunts and cadmium
curtain motor control; (5) Esterlipe-Angué recorders of neutron
level, one on BF3 safety monitor, the othqr on gmall U235 chaabdsr
The second rack contains (1) bubbler level indicator; (2) main
power lock safety tripping circuit, BF chanber intensity meters

and safety rod raising switch; (3) galvanometer scales; (4)

_control rod selsyns, ratchet switches and reset mechanism; (5)

potentiometer for supplying galvanometer bucking voltage.
The third rack has (1) water-and air-flow meters with control

valves; (2) light-indicating low-water flow with coclers off;

" (3) 1evel indicator selsyn ccntrol with level scale; (4) shim

rod position scale and raise-lower variac control; (5) sphere
temperature and power meters. |

The fourth rack coptains (1) cl§ck;”(2) scale of 256 for monitor-
ing thermal column with midgeti U235 chanvr;(3) autcmatic power
level selector; (4) inter-communication system.

The fifth rack contains (1) twelve-point thermoccuple reccrder
for sphere, tamper, inlet and outlet water temperatures and

counting rete reter {this unit not regulariy used); (2) potentio-
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meter for temperature checking; (3) GM counter to detect fission
gas or other radiocactivity in the control foom.

Typical operating procedure is as follows:The U235 chamber power
integrator, solution level and sphere are recorded. Flushing air
(50 cubic centimeters per second) and cooling water (.8 gallons
per minute) are turned on. The direct-rezding galvanometer is

set on maximum sensitivity. The desired deflection and bucking
voltage for the hizh sensitivity or ngllgalvanometer are read

from the‘available curve for the particular power at which it is
desired to run. The control and twe shim rods are checked for

"in p§sition". The safety rod i3 raised. The control rods are
then slowly raised one at a time and the galvanometer deflection
observed. The position of the control rods for the boiler to
start will depend on the initial temperature of the sphere. Be-
cause of the variations in the background activity of the solution,
the rate of rise of the neutron fiux depends on the past running
history of the boiler. Considerable caution is therefore necessary
when first starting, this is especially true until the multipli-
cation rate is actually known from the galvanometer or counter.

In order to eliminate this "blind" region in starting, plans are
underway to connect a chamber, as shown in Figure 47, to the direct
reading galvancmeier, The chamber will be lowered sufficiently

to give a slight galvanometer reading for the source neutrons.
When the desired reading is obtained on the direct reading
galvanometer, the bucking voltage is connected to the null
galvanometer which at full sensitivity represents 5C,00C centi-
meters per kilowatt. If the automatic control is used, the bias
voltage is adjusted for the desired power operation, and it will

run one of the control rods to maintain constant power. In this
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running condition the row of 1C trouble lights is on. If any
one of these goes cut, one can tell at a glance whether water,
air temperature, etc., is abnormzl.

The boiler responds very rapidly to coniroi rod positions and
these can be changed at almost whatever speed the coperator de-
gires to turn the knob. This mezns that an experiencss cgerator
can bring the boiler up to full power or go frog = low o a high
level in a few seconds. This rapid response is zccompiished by
letting the boiler rise with the rod out "tco® fir so thur one
is running a considerable amount supercritical. As the desired

power is approached the rod can be run back rapidly. 4 visual

I

observaticn of the neutron intensity on one of the recording

4

meters enables one to have an almost verti;al rise with an
inmediate leveling off at the desired intensity leval.

4.3-4 Performance

(1) Flux and pcwer

With an inlet water temperature of abcut 8 degrees C obtained
by precooling and the 870 grams of U235 in the boiler it is
possibie to run continuously 5.5 kilowatts without exceeding
a solution temperature of 80 degrees C. There is stiil some
excess reactivity left tc permit experiments with absorbing
materizls near the sphere when running =zt this power.
The increase in power above that originally planned was possible
because of the overdesign in the cooling system and the absence
of violent frothing or bubbling in the sclution.
The power measuremants were based on inlet and outlet water
teuperatures. Measurements made with standardized manganese

foils and a small fission chamber gave the fellowing flux

intensities in the thermal column. Cadmium ratios were obtained



IV « 123

vith standard indium foils..

Position in inches cd ratio n//KW
0 - .83 x 107
2. 500 6.9 x.108
12 4 2;500 1.5 x 108
24 50,000 .26 x 108
36 0,000

411 distances are measured from the cadmium curtain which

is four feet fram the outer end of the coiumn.

The equation for the flux in the column froﬁ the above datz is
nuU/KE = .83 x1¢% e Z/29.4

where Z is the distance from the cadmium curtain and the re-

laxation length is 29.4 centimeters.

For numerous experiments where z strong thermu:l neutron beam

was desired a cavity was mzde in the thermal column 24 3/4

inches x 24 3/4 inches x 24 inches one foot from tke outer end.

This gave a flux of 7 x 102 pér kilowatt on a2 target one foot

in front of the thermal column; the cadmium ratio using the

cavity is about 1500.

Experiments with fast neutron beams can be done by removing

the tamper stringer which surrounds the 1 inch tra.nsvefse hole

to the boiler. This exposes the end of the "glory hole™ and

3 inch x 3 inch area of the sphere itself. The foilowing flux'

basurements were made just beyond the concrete shield. with

various detectors to get some idea of the neutron energy dis-

tribution.
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Detector'
ue35 chambef
U238 chamber

237
P

Cd r=tio with Indiumvfoils

Flux per kilowatt

5 x 107
4 x 106
5x 106

45

Vezsurements made 8 feet from the concrete showsd a well

collimated beam the same width as the aperture in the con-

crete.

Gammz ray measurezents made with the 3 inch x 3 inch area

of the sphere exposed gave an intemsity of about 3,000

curies out of the 4% inch x 4% inch opening in the concrete

shield. These measurements were made a short time after the

boiler was shut off after a run of severzl hours at high

power,

Distribution measurements were taken through the tzmper and

nglory hole" with manganese and gold wires. The following

fluxes relative to that at the center of the sphere were

obtained.

Center sphere
Edge sphere
Mox in BeC
Edge of Bel

Cuter edge graphite

au

.8

.66

+O45

|

.8
.84
.68
036

The flux at the center of the svhere in the glory hole is

about 5 x 1080 per kilowatt using small calibrated Mn foils.
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(2) steadiness of operation
The water boiler is inherently not as steady in operation as
the large graphite piles., This is probably cdue to the large
convection currents and. bubble foramation taking place especially
when operating at high power. Ir the boiler runs itself after
reaching témperature equiiibrium, it will maintain a coastancy
of about .2 per cent when operating at 1 kilowatt. The intensity
level can, however, be maintained to .01 per cent or better when
operating at 1 kilowatt or over when the full sensitivity of the
buexing galvanometer is used. This requires almost continuous
motion of ;he control rods; the automatic control gives about
the same accuracy as the best hand cqntrol.
Measurements have been made to determine the shutting off factor
for the boiler after various running conditicms. It three rods
are dropped simultaneously the neutron intensity drops a factor
of 6 within the first second and then there is & gradual decrease
due to the delgyed neutrons and gammas from the fragment decay
reacting with the beryllium in the tamper. Oniy a very small
difference in the background activity was observea however be-
tween runs where the boiler had been operating for 50 kilowati
h&urs immediately before and one where the boiler had not been
in operation for 48 hourg. This indicates that at least roﬁgh
critical measurements could be made in spite of the beryllium
in the tamper.

Le3=5 Modification and Conclusions

The iater boiler has run approximately 3500 kilowatt hours at this time
(July 1946). During this period it has become evident that no major modifi-

cations are necessary from the point of view of satistactory operation.
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Corrosion after the initiei pdckling in a uranyl nitrate sclutiorn has not
been detectable in a spectroscopic analysis for Cr, Fe and Ni. The production
of fission fragment contamination is aiao not detectable. A comparison of columm
2 and 3 of Table 4.3-5 indicates negative corrosion.

The only features which have given troublg were (l)'handling of the exhaust
gases, {2) precipitation of the solution when run with tooc low a nitrogen concen~
tration.

The exhaust gases are highly radioactive and corrosive. They carry away vary-
ing fractions of gaseous fission rragments depending on their half life. An
analysis of the gases (3) indicates that those with half lives of less than 1.5
geconds are not removed due to the siow rete of sweep in the solution itself.
kr89 for example, with a half life of 2.6 minutes was swept cut tc the extent of
30 per cent. Some of the longer lived gases are removed about 100 per cent. These
experiments seem to indicate that roughly 3C per cent of the total fission frag-
ment activity is carried out by the flushing air. |

Nitric acid fumes and the high moisture content in the sglution require
the use of stainless steel for the entire length of the exhaust pipe unless there
exists a suitable moisture trap. Difficulties have been encountered from using
silver solder and copper tubing for parts of the exhaust line even though re-
mbved same 25 fest from the boiler with a safety bucket between to catch any
solution.

Due t6 the high radioactivity of the gases it may be somewhat difficult to
dispose of them. In isolated sections of the country such as Los Alamos these
can be released into the atmosphere if the distance is sufricient‘so as to cause
no G. Y. .counter disturbance at the laboratory; this may require 3,000 - 5,000
feet of line or a high stack if the air currents are suitable. In congested
commnities the gas disposal problem becomes more serious. Pessible other solutions
might be the following.

(1) The hydrogen and oxygen recombined. Tests are underway whether
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TABLE 4.3-5

Corrosion Record

Soup Nov. 3, 1944 Aug. 8, 1945 after May 27, 1946
Before Precipitate put back in boiler Now
Be D < .05 W > 0.1 o < .05
B 2 | 1. | 1
Na 2 100 M < 5
Mg 2 35 >5
Al <1 , 20 M <5
si 1.5 10C 200
P M <20 50 N £ 2
Ca 50 500 200
cr {10 15 15
¥n 2 7 30
Fe (va.29) 50 (Dec. 26) 125 500 5C0
N 5 15 N < 1
Cu 2 200 100
Zn 20 150 50
Pd M < 1 m < 1
Ag 3 | o2 5
cd .09 30 15
sa 5 20 30
sb M < 2 ®» < 1
Po <1 200 50

The large change in composition of the solution between columns
1 end 2 is due to impurities picked up in the handling of the

solution after the formation of the precipitates described in the
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the nitrogen loss is due to ewaporation or is in a form which
can be recombined. This method, if feasj.ble,' would retain all
the fission activity im the boiler and remove the need for
flushing air. The boiler could be virtually be sealed up if
sufficient space for expansion is left. -

(2) Large underground tanks to store the gas. This is probably
not a good method due to the hrge ‘bot.al voium of gas used for
flushing, _

(3) Freezing out most of the activity in a series of traps. Duriag
period when not in operation the active gases and ‘fission frag-
ments trapped could be released and stored in comparatively small
containers. This method avoids the necessity of storing the lérge
amount of flnéhing gas normally used (3,000 cubic centimeters per
minute}.

The precipitation problem ensountered after 1,000 kilowatt hours of oper-
ation seems definitely to be due to operating at 20 per ceat low in the original
nitrate concentration. The precipitation which formed was solubie in nitric
acid. Laboratory tests indicated that no precipitate should form until the
nitrzte was 3C-35 per cent low, but this figure apparently is incorrect when
the solution is under irradiztion and water additions are made with only con-
vection currents for mixing. For the last 2,000 kilowatt hours the nitrate has
been held close to the original value (53.5 lﬂ.lligrams of N per me); no evj.dence
of any further precipitation has occurred. 3Since the céuée tfor this trouble
was not imwediately evident, some modifications (see 3.2-2(g)) were made.

Due to the low corrosion and contamination rate of the boiler solution
a slight simplification in the original design may be advisable. It has been
found that all additions and removals of solution can be done quite satis-

.fzctorily from the top with the aid of a small vacuum pulEp. The average
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'a.ct‘i’r.it;.r of the salution 48 hours after opersiicn is about 10-20 microseconds
per cubic centimeter. This permits removal of the *hot® soiutipn from the
top in small batches without the need of elaborate 'shieldiﬁg. Since all
operztions have been done in this way, the need of a lower pipe and dump valve
becomes unnecessary; the lower hemisphere could then be spun without an out-
let hole.

| Further modifications might be useful since active material is now made
in large qna.ntities. The tamper could be made entirely of graphite. This would
‘require approximately 35 per cent more materiazl. The use of graphite would
simplify the fabrication of the imner tamper and make the boiler more useful
for eritical measurements, Whether a cylindrical constrﬁction wouid be more
advantageous than the sphere seems somewhat doubtful. In the first place the
cylinder would require somewhat more material and though possibl& somewhat
easier to fabricate, it would require more welded seams. On the other hand
the tamper Pitting would be simpler; this latter point would probably only

be of importance if a beryllium tamper rather than grzphite is used,

The cost of constructing a water boiler assuming the government -furnisheé

‘the emich;d material should be considerably less than for 2 medium size
cyclotron. The total electranic equipment necessary is considerably less.
_ The cost of cadmium, lead, reenforced concrete, and high purity graphite

should notveiceed 340,000, The upkeep appears to be extremely low,



